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PREFACE
As its title suggests, this volume presents an Inventory of Land Use and
Land Use Practices in the U.S. Great Lakes Basin, with emphasis on certain
trends and projections to 1980 (and to 2020 where appropriate). The report,
prepared by the Great Lakes Basin Commission staff, integrates several studies
by contractors and subcontractors. These studies were part of the U.S. Task
B effort for the Great Lakes Pollution from Land Use Activities Reference Group,
International Joint Commission. The Task A report, Management Programs, Research
and Effects of Present Land Use Activities on Water Quality of the Great Lakes,
dated November 1974, preceded the Task B study.
 
The Task B report for the United States part of the Great Lakes Basin is
contained in six volumes:
Volume I -—Great Lakes Basin
Volume II —-Lake Superior basin
Volume III--Lake Michigan basin
Volume IV ——Lake Huron basin
Volume V ——Lake Erie basin
Volume VI ——Lake Ontario Basin
Knowledge of present and future land use and land use practices are impor—
tant as background to evaluating and controlling nonpoint sources of water
pollution. This report describes and quantifies, as appropriate, the Great
Lakes Basin's geology, soils, minerals, climate, surface and ground water,
vegetation, wildlife, and economic and demographic characteristics. It inven—
tories available informationon waste disposal operations, lakeshore and river—
bank erosion, high—density nonsewered residential areas, and recreational land
uses as well as materials application of agricultural chemicals, fertilizers,
lime, animal wastes, and salts on highways. Finally, future trends and projec-
tions are shown for the above categories.
This Great Lakes Basin Summary and each of the five Lake basin volumes have
been reviewed by Joint Task Group B, whose comments were considered before approval
for final report development and submittal to the U.S. Environmental Protection
Agency for meeting contractual terms. This study forms a U.S. contribution to
the U.S. Task B effort of the study on Great Lakes Pollution from Land Use
Activities.
xi
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The study plan emphasizes four main tasks:
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 PURPOSE
Background information on characteristic Basin properties such as land
use and related materials usage, physical fabric, climate, population, and
water quality relationships and providing a foundation for assessment of
trends in land use patterns and practices. Towards these ends the Reference
Group felt that an inventory of land use and land use practices with emphasis
on certain trends and projections to 1980 and 2020 is essential to assist in
developing the planning and management of land to minimize runoff of pollutants
in drainage water.
The objectives of the Task B effort are directed towards the following
activities:
(1) to provide a general land use inventory of the Great Lakes Basin
(2) to provide specific information concerning the nature and location
of defined specialized land use categories in the Great Lakes Basin
(3) to provide information on the physical fabric of the Great Lakes
Basin including soils and their capability, hydrology, geomorphology, climate,
mineral and gas resources, and broad vegetation zones
(4) to provide an inventory of various materials applied to land which
may influence the quality of drainage waters
(5) to provide a consistent and comprehensive set of forecasts for 1980
and 2020 relating to land uses and land use activities based upon socioeconomic,
technological, and political development.
SCOPE OF STUDY
In order to meet the Task B objectives for the U.S. portion of the Great
Lakes, members of Task Group B agreed on studies in five categories: physical
fabric, major land uses, specialized land uses, materials usage, and future trends.
Physical Fabric
The objective of this activity is to provide background information and
data on the physical fabric of the individual Great Lakes Basins, focusing
on the land drainage/water quality relationships, and to provide a detailed
description of the basin in terms of climate, population, and socioeconomic
conditions.
Major Land Uses
The objective of this activity is to gather information about the general—
ized land use patterns in the Great Lakes Basin.
This information is derived
from Computer analysis of multispectral scanner (MSS) data from the LANDSAT - 1
Program (formerly known as the Earth Resources Technology Satellite).
Specialized Land Uses
The objective of this activity is to provide specific information concerning
 the nature and location of specific land use categories in the Great Lakes Basin.
The following specialized land uses comprise this section:
(I) disposal operations, liquid waste, solid waste, dredge spoil and
artificial fills, and deepwell disposal
(2) erosion, lakeshore and riverbank
(3) intensive livestock operations
(A) high-density, nonsewered areas
(5) recreational lands.
Materials Usage
This activity provides an inventory of production and/or usage within the
Great Lakes Basin of certain materials applied to lands with a potential for
reaching the Great Lakes through land drainage. The materials to be inventoried
include pesticides, agricultural manures, chemical fertilizers, agricultural
liming materials, and road salts.
Future Trends
The objective is to identify and assess future trends in major land uses,
specialized land uses, materials usage, and related information which may affect
the drainage of pollutants into the Great Lakes for the target years 1980, 2000,
and 2020.
To make the information more usable, the U.S. Task B Inventory has been
organized into six volumes——this volume summarizing information for the Great
Lakes Basin as a whole, and five other volumes addressing each of the five
individual Lake basins. Figure 1 indicates the area of study for this volume.
The information in the other volumes has been subdivided under individual planning
subareas representing the major drainage basins tributary to each Lake. Basic
information for each planning subarea is presented on a county basis.
GENERAL SUMMARY
The Task B effort is aimed at providing an inventory of various categories
affecting land drainage or pollutional materials to the Great Lakes. In gener-
ating data necessary to complete the inventory, a variety of sources were
utilized, including state agencies, recognized experts in the field, and
published reports and documents, in addition to information contained in the
Task A Reports. Some background information has been compiled as supporting
data for this inventory. This material is available for review at the Great
Lakes Basin Commission in Ann Arbor, Michigan.
Because most of the data collected reflects conditions between 1970 and
1972, it may not reflect exactly the current situation. However, it seems
reasonable to assume that no major changes have occurred in the last four
years to significantly alter the general picture this information attempts to
portray. Ideally a continuous updating of this information would be of sig—
nificant utility to researchers, planners, and those involved with managing
the water resources of the Great Lakes.
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 Physical Fabric
Physical fabric information considered important to land drainage/water
quality relationships includes geology, soils, minerals, climate, surface and
groundwater, and vegetation and wildlife. Demographic and economic character—
istics were also considered as they relate to the human adaptation and use of
this physical environment.
The U.S. Great Lakes Basin (Figure l) is located in the eastern portion
of the north central United States, with a drainage basin of 461,930 square
kilometers (178,350 square miles). The State of Michigan contains 43 percent
of the total land area in the region. The Basin is underlain almost entirely
by a thick succession of sedimentary rocks. Glacial and alluvial deposits
cover the bedrock, with the thickest deposits occurring in Michigan and locally
in buried bedrock valleys of New York and Wisconsin. Topography is irregular
and varied, including depressions occupied by small lakes or marshes, level to
sloping plains, and low rolling hills or ridges. The soils of the Basin vary
by area and reflect past and present climatic conditions, natural drainage,
vegetative cover, and time interacting with the parent glacial materials.
The mineral industry is important to local and national economies. Occurrence
and production of the mineral resources depend on the geographic distribution
and accessibility of certain formations. Climate of the Basin is continental
to semimaritime, with westerly atmospheric circulation. Ground water is present
throughout the Basin, with the most productive aquifers in western and central
Michigan, northeastern Indiana, and the western part of the Wisconsin area in
the Basin. The Great Lakes represent the largest freshwater storage system in
the world. The chemical and biological characteristics of the system are
undergoing rapid change, particularly in areas of high population concentration.
The majority of people in the Basin are concentrated in port and industrial centers
along the shores of the Great Lakes or near the junctions of major land and
water transportation routes, with northern and inland areas more sparsely
populated. Some Basin statistics appear in Tables 1 and 2.
Major Land Uses
Under contract with the U.S. Environmental Protection Agency,
the
Laboratory for Applications of Remote Sensing (LARS), Purdue University
using
LANDSAT-l
MSS
prepared
a current
land
inventory
of
the
34,000,000
hectares
(84,000,000 acres) included within the U.S. portion of the Great Lakes Basin.
Spectrally separable classes related to eight land use categories were
developed.
Tabulations by each of the 191 COunties in the Great Lakes Region
were
made for the eight categories —- Urban; Residential and Commercial/
Industrial, Agriculture;
Row Crops,
Close Grown Crops and Pasture and Meadows,
Forest;
and
No
Major
Usage;
and
Water
and
Wetlands.
§pecialized Land Uses
The specialized land uses covered in this report are disposal operations,
erosion, intensive livestock operations, high-density nonsewered residential
areas, and recreational lands. These categories are considered to be the more
TABLE 1 Counties in the Great Lakes Region
by
PlanArea
and
Planning
Subareav
  
LAKE SUPERIOR--PLAN AREA 1.0
PSA l.l--L. Superior West
MINNESOTA
Carlton
Cook
Lake
St. Louis
WISCONSIN
Ashland
Hayfield
Douglas
Iron
PSA l.2—-L. Superior East
MICHIGAN
Alger
Baraga
Chippewa
Gogebic
Houghton
Keweenaw
Luce
Marquette
Ontonagon
LAKE MICHIGAN--PLAN AREA 2.0
PSA 2.l--L. Michigan NW
MICHIGAN
Dickinson
Iron
Menominee
WISCONSIN
Brown
Calumet
Door
Florence
Fond du Lac
Forest
Green Lake
Kewaunee
Langlade
Manitowoc
Marinette
Marquette
Menominee
Oconto
Outagamie
Shawano
Sheboygan
Waupaca
Waushara
Winnebago
PSA 2.Z--L. Michigan SH
ILLINOIS
Cook
Du Page
Kane
Lake
McHenry
Will
PSA 2.2 continued
INDIANA
Lake
La Porte
Porter
Starke
WISCONSIN
Kenoshs
Milwaukee
Ozaukee
Racine
Walworth
Washington
Waukesha
PSA 2.3--L. Michigan SE
INDIANA
Elkhart
Lagrange
Marshall
Noble
St. Joseph
Steuben
MICHIGAN
Allegan
Barry
Berrien
Branch
Calhoun
Cass
Clinton
Eaton
Hillsdale
Ingham
Ionia
Jackson
Kalamazoo
Kent
Montcalm
Ottawa
St. Joseph
Shiawassee
Van Buren
PSA 2.4--L. Michigan NE
MICHIGAN
Antrim
Benzie
Charlevoix
Delta
Emmet
Grand Traverse
Kalkaska
Lake
Leelanau
Mackinac
Menistee
Mason
Mecosta
Missaukee
Muskegon
Newaygo
Oceans
Osceola
PSA 2.4 continued
Schoolcraft
Wexford
LAKE HURON--PLAN AREA 3.0
 
PSA 3.l--L. Huron North
MICHIGAN
Alcona
Alpena
Arenac
Cheboygan
Crawford
Iosco
Montmorency
Ogemaw
Oscoda
Otsego
Presque Isle
PSA 3.2-—L. Huron Central
MICHIGAN
Bay
Clare
Genesee
Gladwin
Gratiot
Huron
Isabella
Lapeer
Midland
Saginaw
Tuscola
LAKE ERIE--PLAN AREA 4.0
PSA 4.l--L. Erie NW
MICHIGAN
Lenawee
Livingston
Macomb
Monroe
Oakland
St. Clair
Sanilac
Washtenaw
Wayne
PSA 4.2--L. Erie SW
INDIANA
Adams
Allen
De Kalb
OHIO
Allen
Auglaize
Crawford
Defiance
Erie
Fulton
Hancock
Henry
Huron
PSA 4.2 continued
Lucas
Mercer
Ottawa
Paulding
Putnam
Sandusky
Seneca
Van Wert
Williams
Wood
Wyandot
PSA 4.3--L. Erie Central
OHIO
Ashtabula
Cuyahoga
Geauga
Lake
Lorain
Medina
Portage
Summit
PSA 4.4--L. Erie East
PENNSYLVANIA
Erie
NEW YORK
Cattaraugus
Chautauqua
Erie
Niagara
LAKE ONTARIO--PLAN AREA 5.0
PSA 5.l--L. Ontario West
NEW YORK
Allegany
Genesee
Livingston
Monroe
Orleans
Wyoming
PSA 5.2--L. Ontario Central
NEW YORK
Cayuga
Herkimer
Madison
Oneida
Onondaga
Ontario
Oswego
Schuyler
Seneca
Tompkins
Wayne
Yates
PSA 5.3--L. Ontario East
NEW YORK
Jefferson
Lewis
St. Lawrence
TABLE 2 GREAT LAKES AREA MEASUREMENT (area in square miles)1
 
Drainage Basin
(land & water)
Water Surface
Land Surface
U.S. Canada
Total U.S.
Canada Total
U.S. Canada
Total
Lake Superior
37,500 43,500
81,000 20,60
0 11,100 31
,700 16,900
32,400 49,300
Lake Michigan
67,900 0
67,900 22,30
0 0 2
2,300 45,600
0 45,600
Lake Huron
25,300 49,500
74,800 9,10
0 13,900 2
3,000 16,200
35,600 51,800
Lake St. Clair
2,370 4,150
6,520 162
268 430
2,208 3,882
6,090
Lake Erie
23,600 9,880
33,500 4,98
0 4,930 9
,910 18,620
4,950 23,600
Lake Ontario
16,800 15,300
32,100 3,46
0 3,880 7
,340 13,340
11,420 24,700
Total to Lake 3/
Ontario Outlet
173,470 122,330
295,800 60,6
02 34,078
94,680 112,86
8 88,252 201
,100~~
Lat:
Dam 1 6853/
1 325-21 3 010
12 g/ 1159
235 1 5652/
1 21021 2 775
Tocaii/
175,200 123,600
298,800 60,
720 34,190 9
4,910 114,4
30 89,450 20
3,900
Grass-Raquette-St. Regis 3,200 3,200
Total Basin Study
Area 178,350
60,720
117,630
1
/
u-Difference between total basin area and water area.
2/
-Estimated break
down between U.S.
and Canada.
é-/Ro
unded
.
NOTE: The drainage basin area in both U.S. and Canada, above the mouth of the St. Regis River is approximately 302,000
square
miles.
-
Square Kilometers (sq km) = square miles (sq mi ) x 2.59
  
significant nonpoint sources of pollution affecting the water quality of
the Great Lakes.
The categories of specialized land uses vary in numbers and in intensity
of use throughout the Basin. The major forms of pollutional residuals are
nutrients, sediments, and other chemicals. Nutrient generation results from
operations involving liquid, solid, and dredge spoil disposal, as well as the
development of high-density nonsewered housing areas. The largest numbers of
waste disposal sites are found in the more populous Lake Michigan and Lake
Erie basins, with a larger percentage of nonsewered households in the less
populous Lake Superior and Huron basins. Other specialized land use, such as
livestock operations, generate some amounts of nutrients as well, with the
largest number of these operations in the Lake Michigan and Erie basins.
The generation of sediments is due to erosion of lakeshore and riverbanks and
to sheet erosion. While it is primarily a natural ongoing process, in certain
areas measures c0uld be taken to reduce man-induced erosion. The use of
recreation lands in areas of unstable soil can produce significantlocalized
sedimentation. Dredge spoil disposal and artificial fills can affect the
quantity of sediments reaching the lake, both through the initial dredging and
scouring of harbors and channels, and in the disposal operations, particularly
in open lake dumping.
Industrial chemicals result from the leaching of various metals from liquid
and solid waste disposal sites, although certain amounts will also leach from
dredge spoil operations. Finally, recreational land use will involve some
generation of hazardous chemicals due to the application of pesticides to
control weeds and insects in these areas, as well as phenols and oils resulting
from motorized recreational vehicle and boating use.
Materials Usage
The Materials Usage section addresses primarily agriculturaloperations.
However, an additional category, road salts, has been incorporated into the
section to address the influences of road deicing salting practices upon the
water quality of the Great Lakes. Materials usage varies widely throughout the
Basin, depending upon the type of agricultural production in the area and upon
climatic conditions.
The major residuals generated from the various materials used in agricul-
tural operations are nutrients and industrial chemical materials. The gener—
ation of nutrients, primarily nitrogen and phosphorus, results from animal
manures and fertilizer usage. Chemical residual materials are primarily
generated from the use of herbicides, insecticides, and fungicides on crops.
In addition, road deicing salts can generate significant levels of chloride
concentrations in localized ground and surface water areas. Another component,
although relatively modest in magnitude, is the leaching of liming materials
into ground and surface water areas.
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 PHYSICAL FABRIC
THE GREAT LAKES BASIN
The physical setting of the Great Lakes Basin has influenced the cultural
development of the Basin, including the economic activities carried on, the
number of people who live in the Basin, and the distribution of the population.
The most significant single element in this physical setting is the
five Great Lakes, the largest series of freshwater bodies in the world (Table 3).
This unique water feature, coupled with the mineral resources of the Basin and
the agricultural opportunities afforded by the land, has produced a highly
developed industrial and agricultural area, supporting 14 percent of the popu—
lation of the United States in 4 percent of the area, and contributing far
more than its share to the country's economic activity.
The U.S. Great Lakes Basin is located in the eastern portion of the north
central United States along the boundary with Canada between 40°30' and 48°20'
north latitude and 74°30' and 93°10' west longitude. The Basin extends nearly
1450 kilometers (900 miles) from west to east and 845 kilometers (525 miles),
between its horth—south extremes. It contains portions of eight states, including
Minnesota, Wisconsin, Michigan, Indiana, Illinois, Ohio, Pennsylvania, and New
TABLE 3 Great Lakes Surface Area, U.S. and Canada
Area in World Ranking
Square Miles (Freshwater)
Lake Superior 31,700 1
Lake Huron 23,000 4
Lake Michigan 22 , 300 5
Lake Erie 9,910 11
Lake Ontario 7,340 14
TOTAL 94,250
Square Kilometer (sq km) = Square Miles (sq mi) x 2.59
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pl
ei
s—
to
ce
ne
st
ra
ta
.
El
ev
at
io
ns
ra
ng
e
fr
om
21
3
to
30
5
me
te
rs
(7
00
to
10
00
fe
et
).
Ex
am
pl
es
of
th
e
re
si
st
an
t
pr
e—
Pl
ei
st
oc
en
e
ri
dg
es
ar
e
th
e
Ni
ag
ar
a
Es
ca
rp
me
nt
in
th
e
Ni
ag
ar
a
Pe
ni
ns
ul
a
of
Ne
w
Yo
rk
an
d
On
ta
ri
o
an
d
in
th
e
Do
or
Pi
ni
ns
ul
a
of
Wisconsin.
Th
e
so
ut
he
as
te
rn
bo
rd
er
of
th
e
Ba
si
n
is
fo
rm
ed
by
th
e
So
ut
he
rn
Ne
w
Yo
rk
an
d
Mo
ha
wk
se
ct
io
ns
of
th
e
Ap
pa
la
ch
ia
n
Pl
at
ea
u
Pr
ov
in
ce
.
Th
e
ar
ea
is
a
ma
tu
re
ly
di
ss
ec
te
d
an
d
gl
ac
ia
te
d
pl
at
ea
u
of
va
ri
ed
re
li
ef
an
d
pr
om
in
en
t
es
ca
rp
me
nt
s.
At
th
e
mo
ut
h
of
th
e
Ba
si
n,
se
ve
ra
l
tr
ib
ut
ar
y
st
re
am
s
dr
ai
n
th
e
su
bd
ue
d
gl
ac
ia
te
d
mo
un
ta
in
s
of
th
e
Ad
ir
on
da
ck
Pr
ov
in
ce
.
Th
e
Ba
si
n
ou
tl
et
is
th
ro
ug
h
th
e
wi
de
St
.
La
wr
en
ce
Va
ll
ey
Pr
ov
in
ce
,
wh
ic
h
co
ns
is
ts
of
a
yo
un
g
ma
ri
ne
pl
ai
n
wi
th
lo
ca
l
ro
ck
hills.
To
su
mm
ar
iz
e,
th
e
Ba
si
n
ha
s
an
ir
re
gu
la
r
an
d
va
ri
ed
to
po
gr
ap
hy
,
in
cl
ud
in
g
de
pr
es
si
on
s
oc
cu
pi
ed
by
sm
al
l
la
ke
s
or
ma
rs
he
s,
le
ve
l
to
sl
op
in
g
pl
ai
ns
,
an
d
lo
w
ro
ll
in
g
hi
ll
s
or
ri
dg
es
.
Th
e
Re
gi
on
co
nt
ai
ns
th
ou
sa
nd
s
of
na
tu
ra
l
la
ke
s
an
d
a
po
or
ly
de
ve
lo
pe
d
su
rf
ac
e
dr
ai
na
ge
sy
st
em
wi
th
re
la
ti
ve
ly
fl
at
st
re
am
pr
of
il
es
.
Ri
ve
r
ba
si
n
di
vi
de
s
ar
e
ch
ar
ac
te
ri
st
ic
al
ly
br
oa
d
an
d
va
ry
fr
om
al
mo
st
le
ve
l
pl
ai
ns
to
ro
ll
in
g
lo
w
hi
ll
s.
On
ly
ne
ar
th
e
ea
st
er
n
an
d
we
st
er
n
en
ds
of
th
e
Re
gi
on
is
th
e
re
li
ef
mo
re
st
ro
ng
ly
ex
pr
es
se
d.
El
ev
at
io
ns
ra
ng
e
fr
om
ap
pr
ox
im
at
el
y
1,
40
0
me
te
rs
(4
,6
00
fe
et
)
ab
ov
e
se
a
le
ve
l
in
th
e
Ad
ir
on
-
da
ck
s
of
Ne
w
Yo
rk
to
46
me
te
rs
(1
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fe
et
)
ab
ov
e
se
a
le
ve
l
al
on
g
th
e
St
.
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w-
re
nc
e
Ri
ve
r.
Sa
nt
an
on
i
Pe
ak
re
ac
he
s
1,
40
8
(4
,6
21
fe
et
)
ab
ov
e
me
an
se
a
le
ve
l.
In
mo
st
of
th
e
Ba
si
n
th
e
la
nd
su
rf
ac
e
is
le
ss
th
an
30
5
me
te
rs
(1
,0
00
fe
et
)
ab
ov
e
me
an
se
a
le
ve
l.
Th
e
hi
gh
es
t
po
in
t
in
th
e
he
ad
wa
te
rs
ar
ea
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La
ke
Su
pe
ri
or
is
70
1
me
te
rs
(2
,3
01
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et
)
at
Ea
gl
e
Mo
un
ta
in
in
Co
ok
Co
un
ty
,
Mi
nn
es
ot
a.
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Soils
The soils of the Great Lakes Basin reflect past and present climatic
conditions, natural drainage, vegetative cover, and time interacting with
parent glacial material. Almost the entire Basin was glaciated and left
with drift that accumulated to depths up to 335 meters (1,100 feet). Lacus—
trine deposits generally characterize the present lake shoreline areas while
organic soils are common in inland swamp and marsh areas.
The soils of the Basin are best described in terms of areal groups which
reflect soil origin and composition in terms of management practices. In
Minnesota, the Upper Peninsula and northern Lower Peninsula of Michigan, and
the related Wisconsin area, the soils are products of cool, moist forest and
are light—colored, acid, rather infertile, and low in organic matter. They
vary greatly because of differences in parent material. Stones, sands, and
gravels are common, and there are swamps and marshes in which organic soils
have formed. A small amount of good soil in intermixed with the poor.
In the southern part of this area sands with sandy or gravelly subsoils
predominate. Some crops can be grown, but productivity is limited, and the
area is best suited to pine forest. There are some gently sloping to flat
plains on the shores of Lake Superior in all three states which are relatively
smooth, stone—free, usually rich in lime in the subsoil, and thus suitable for
limited farming. Most of the rolling uplands have loamy soils. There are a
few rocky highlands, like the Porcupine Mountains, in the area.
In eastern Wisconsin and southern Michigan nearly all the soils were
formed under forest vegetation and are light in color and low in organic matter
except in areas of poor natural drainage. All of the soils in these two areas
were heavily glaciated. Most of the soils usually are quite acid, with liming
and fertilization with phosphorus and potassium necessary for crop production.
Soil drainage, both internal and surface drainage, is required for efficient
economic operations.
The area of northern Indiana, eastern Illinois, northwestern Ohio, and
extreme southern Michigan has been heavily glaciated. The soils that were
formed (mostly under forest vegetation and generally light in color and low in
organic matter, although there are also extensive areas of dark-colored, poorly
drained soils) developed from various types of glacial material. These differ
considerably in texture. Fine textured soils, such as the Hoytville and
Paulding clays, are extensive in the lake plain area of northwestern Ohio.
Sands and sandy loam soils occur in northwestern Indiana. Most of the soils
in other areas, however, have a friable loam to silt loam surface layer. The
land is mostly level to gently rolling, except on moraines and near the main
streams, where the soils may be rolling to steep. Much of the land was origi-
nally poorly drained; most of it is now in drainage enterprises, but inadequate
drainage is still a problem in many areas. Peat and muck soils are rather
extensive in northwestern Indiana and are intensively used.
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 The
nort
heas
t ar
ea o
f th
e Ba
sin
incl
udes
port
ions
of n
orth
east
ern
Ohio
,
the
nort
hern
port
ion
of E
rie
Coun
ty,
Penn
sylv
ania
, a
nd n
orth
ern
New
York
.
The
soil
s we
re d
eriv
ed f
rom
pare
nt m
ater
ial
that
vari
ed f
rom
hard
crys
tall
ine
rock
to
lak
e—p
lai
n s
and
s a
nd
cla
ys.
Mos
t o
f t
he
reg
ion
was
cov
ere
d b
y g
lac
ier
s f
rom
the
nor
th.
The
y m
ixe
d o
lde
r s
oil
s w
ith
var
iou
s k
ind
s o
f r
ock
s,
suc
h s
and
sto
ne,
sha
les
, l
ime
sto
nes
, a
nd
cla
ys.
Mos
t o
f t
he
soi
ls
are
in
the
gra
y—b
row
n p
odz
o—
lic
grou
p an
d ar
e qu
ite
defi
cien
t in
lime
and
phos
phor
us.
The
surf
ace
hori
zons
are
fair
ly h
igh
in o
rgan
ic m
atte
r.
Ther
e is
cons
ider
able
area
of m
ore
prod
uc—
tiv
e s
oil
s w
hic
h d
eve
lop
ed
fro
m c
alc
are
ous
gla
cia
l d
rif
t s
out
h o
f L
ake
Ont
ari
o
in N
ew Y
ork.
Poor
drai
nage
is s
erio
us i
n no
rthe
aste
rn O
hio
and
Erie
Coun
ty,
Penn
sylv
ania
or w
here
soil
s ha
ve b
een
deve
lope
d fr
om s
ands
tone
or s
hale
.
DeL
tail
ed m
aps
and
tabl
es d
escr
ibin
g th
e di
ffer
ent
soil
s as
soci
atio
ns a
re f
ound
in the Lake basin volumes of this study.3
Minerals
The
dis
tri
but
ion
of
the
roc
ks
and
sed
ime
nts
of
eac
h o
f t
he
thr
ee
geo
log
ic
era
s r
epr
ese
nte
d i
n t
he
Gre
at
Lak
es
Bas
in
als
o d
efi
ne
the
typ
e a
nd
loc
ati
on
of
min
era
l r
eso
urc
es
and
min
era
l p
rod
uct
ion
wit
hin
the
Bas
in.
Vir
tua
lly
all
of
the
met
al
res
our
ces
,
inc
lud
ing
iro
n,
zin
c,
lea
d,
sil
ver
,
and
cop
per
are
fou
nd
in
the
Pre
cam
bri
an
roc
ks.
Hen
ce,
the
se
res
our
ces
are
pro
duc
ed
in
the
nor
th-
wes
ter
n a
nd
ext
rem
e e
ast
ern
par
ts
of
the
Bas
in
in
Mic
hig
an,
Min
nes
ota
,
and
New
Yor
k.
The
pal
ezo
ic
roc
ks
con
tai
n t
he
min
era
l f
uel
s o
f o
il,
gas
, a
nd
coa
l.
Non
met
all
ic
min
era
ls,
inc
lud
ing
lim
est
one
,
dol
omi
te,
san
dst
one
,
sha
le,
sal
t,
gyp
sum
,
and
nat
ura
l
bri
nes
,
are
lar
gel
y
fou
nd
in
low
er
Mic
hig
an,
Ohi
o,
Ill
ino
is,
Ind
ian
a,
and
New
Yor
k.
The
occ
urr
enc
e a
nd
pro
duc
tio
n o
f t
hes
e m
ine
ral
fue
ls
and
non
met
als
dep
end
s
on
the
geo
gra
phi
c
dis
tri
but
ion
and
acc
ess
ibi
lit
y
of
cer
tai
n f
orm
ati
ons
.
The
non
met
al
dep
osi
ts
of
san
d
and
gra
vel
,
cla
y,
mar
l,
and
pea
t
fou
nd
thr
oug
hou
t
the
Bas
in
are
con
tai
ned
in
the
unc
ons
oli
dat
ed
Cen
ozo
ic
sediments.
Geo
gra
phi
c
dis
tri
but
ion
of
pri
nci
pal
min
era
l
res
our
ces
pro
duc
ed
in
eac
h
PSA
of
the
Bas
in
is
sho
wn
in
Fig
ure
7.
The
min
era
l i
ndu
str
y o
f t
he
Gre
at
Lak
es
Reg
ion
is
imp
ort
ant
to
loc
al
and
nat
ion
al
eco
nom
ies
.
Tot
al
val
ue
of
min
era
l
pro
duc
tio
n
app
roa
che
d
1.5
bil
lio
n
dol
lar
s
in
196
8.
The
Reg
ion
's
min
era
l
ind
ust
ry
als
o
pla
ys
a
str
ate
gic
rol
e
by
sup
ply
ing
100
per
cen
t o
f
the
iod
ine
,
69
per
cen
t
of
the
iro
n
ore
,
51
per
cen
t
of
the
mag
nes
ium
com
pou
nds
,
and
42
per
cen
t
of
the
pea
t,
lim
e,
and
bro
min
e p
rod
uce
d i
n t
he
Uni
ted
Sta
tes
. O
the
r m
ine
ral
pro
duc
ts
are
imp
ort
ant
in
the
mor
e
lim
ite
d
reg
ion
al
and
loc
al
mar
ket
s.
CLIMATE
In
ge
ne
ra
l,
th
e
Gr
ea
t
La
ke
s
Ba
si
n
ex
pe
ri
en
ce
s
a
co
nt
in
en
ta
l
to
se
mi
ma
ri
ti
me
cl
im
at
e
wh
ic
h
is
la
rg
e
de
te
rm
in
ed
by
we
st
er
ly
at
mo
sp
he
ri
c
ci
rc
ul
at
io
n
(c
yc
lo
ni
c
st
or
m)
,
it
s
la
ti
tu
di
na
l
po
si
ti
on
(b
et
we
en
40
°30
'
an
d
48
°2
0'
),
an
d
th
e
mo
di
fy
in
g
in
fl
ue
nc
e
of
th
e
Gr
ea
t
La
ke
s
up
on
lo
ca
l
at
mo
sp
he
re
s.
Cl
im
at
e
ov
er
th
e
re
gi
on
is
nor
mal
ly
hum
id
thr
oug
hou
t
the
yea
r,
wit
h
col
d
win
ter
s
and
coo
l
sum
mer
s
in
the
no
rt
h
an
d
wa
rm
su
mm
er
s
in
th
e
so
uth
.
Av
er
ag
e
an
nu
al
fr
os
t—
fr
ee
se
as
on
is
about six months at the southern extremity.
Pr
ev
ai
li
ng
wi
nd
s
in
th
e
Gr
ea
t
La
ke
s
ar
ea
ar
e
fr
om
th
e
we
st
,
al
th
ou
gh
wi
nd
s
do
bl
ow
fr
om
an
y
se
ct
or
.
Du
ri
ng
wi
nt
er
,
wi
nd
s
of
hi
gh
es
t
fr
eq
ue
nc
y
of
oc
cu
rr
en
ce
l9
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 and
mag
nit
ude
are
fro
m t
he
wes
t i
n t
he
wes
ter
n h
alf
of
the
Bas
in.
In
the
eas
ter
n h
alf
of
the
Bas
in
win
ter
win
ds
are
mos
t f
req
uen
tly
fro
m t
he
wes
t,
sou
th—
wes
t a
nd
nor
thw
est
.
Sum
mer
win
ds
are
usu
all
y f
rom
the
sou
thw
est
and
sou
th
thr
oug
hou
t
the
Bas
in.
The
re
is
a s
tro
ng
ten
den
cy
for
max
imu
m w
ind
vec
tor
s
to
be
ali
gne
d
wit
h
the
lon
g
axe
s
of
the
Lak
es.
Mea
n a
nnu
al
sur
fac
e a
ir
tem
per
atu
re
ove
r t
he
Bas
in
ran
ge
fro
m a
bou
t 4
°C
(39
°F)
on
Lak
e
Sup
eri
or
to
abo
ut
9°C
(49
°F)
on
Lak
e
Eri
e.
Min
imu
m a
nd
max
imu
m
mon
thl
y
tem
per
atu
res
occ
ur
in
Feb
rua
ry
and
Jul
y,
res
pec
tiv
ely
,
on
all
the
Gre
at
Lak
es
(Fi
gur
e
8).
Dif
fer
enc
es
in
lat
itu
de
cau
se
a
dec
rea
se
in
ave
rag
e
mon
thl
y
tem
per
atu
res
of
abo
ut
5.5
°C
(10
°F)
fro
m s
out
h
to
nor
th.
The
sur
fac
e
of
the
Gre
at
Lak
es,
whi
ch
com
pri
ses
abo
ut
one
—th
ird
of
the
are
a o
f
the
Bas
in,
ac
ts
as
a
me
di
um
fo
r
he
at
ex
ch
an
ge
be
tw
ee
n
th
e
wa
te
r
ma
ss
es
an
d
th
e
at
mo
sp
he
re
.
The
Lak
es
ten
d
to
mod
era
te
tem
per
atu
re
dif
fer
enc
es
in
adj
ace
nt
lan
d
are
as.
Thu
s,
the
int
eri
ors
of
Mic
hig
an'
s
upp
er
and
low
er
pen
ins
ula
s
are
col
der
tha
n
eq
ui
va
le
nt
co
as
ta
l
ar
ea
s
at
si
mi
la
r
la
ti
tu
de
s.
Sho
rt-
ter
m l
oca
l
var
iat
ion
s
in
sur
fac
e
air
tem
per
atu
res
can
be
ext
rem
e.
It
is
not
unu
sua
l
for
int
ens
e
cel
ls
of
col
d
arc
tic
air
to
dec
rea
se
tem
per
atu
re
as much as 27.7°C (50°F) in one day.
In
add
iti
on
to
mod
era
tin
g
air
tem
per
atu
res
,
the
Gre
at
Lak
es
als
o
cha
nge
Ba
si
n
hu
mi
di
ty
by
co
nt
ri
bu
ti
ng
th
ou
sa
nd
s
of
to
ns
of
mo
is
tu
re
th
ro
ug
h
ev
ap
or
at
io
n.
Es
ti
ma
te
s
of
th
e
an
nu
al
ra
te
of
ev
ap
or
at
io
n
on
th
e
su
rf
ac
e
of
th
e
Gr
ea
t
La
ke
s
ra
ng
e
fr
ao
m
a
mi
ni
mu
m
of
ab
ou
t
0.
5
me
te
rs
(1.
5
fee
t)
on
La
ke
Su
pe
ri
or
to
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Fig - 9 — MEAN ANNUAL PRECIPITATION (INCHES) AND ITS COEFFICIENT 0F VARIATION (%). Precipitation increases southeastward from a low of 28 inches in Minnesota to
a high of 52 inches in the Adirondacks of New York state. Other smaller maxima may result from urban effects and topographic control on the leeward side of the Great Lakes, where the
water equivalent of winter precipitation may exceed summer rainfall. The coefficient of variation is small averaging 15 per cent across the basin.
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d t
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s t
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e,
and
in
par
tic
ula
r,
the
amo
unt
of
rai
n w
ate
r a
nd
sno
wfa
ll
can
aff
ect
wat
er
qua
lit
y.
Rai
n a
nd
sno
w m
ay
abs
orb
pol
lut
ant
s i
n t
he
atm
osp
her
e a
nd
con
tam
ina
te
the
wat
er.
Pre
cip
ita
tio
n
affe
cts
wate
r co
urse
s vi
a ru
noff
and
perc
olat
ion.
Perc
olat
ion
can
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production by infiltration through solid waste disposal sites.
SURFACE AND GROUND WATER
 
The
246,
050
squa
re k
ilom
eter
s (
95,0
00 s
quar
e mi
les)
of G
reat
Lake
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rfac
e
area
cove
rs 3
2 pe
rcen
t of
the
enti
re G
reat
Lake
s dr
aina
ge a
rea
in t
he U
nite
d
Stat
es a
nd C
anad
a (T
able
2).
Rela
tive
ly s
hort
, i
mmat
ure
stre
ams,
inla
nd l
akes
,
and
mino
r em
baym
ents
cons
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te o
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1.2
mill
ion
hect
ares
or 2
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squa
re
kil
ome
ter
s (
2.9
mil
lio
n a
cre
a o
r 4
,50
0 s
qua
re
mil
es)
of
add
iti
ona
l s
urf
ace
water in the Basin.
Surface and subsurface water resources are interconnected and in ample
supply over the entire Great Lakes Basin. These water resources are constantly
moving through a complex hydrologic cycle, in which water may be stored, be
captu
red a
nd us
ed b
y loc
al f
lora
and f
auna,
be ev
apora
ted,
or be
run o
ff wi
thout
use.
Gen
era
lly
spe
aki
ng,
of
the
wat
er
whi
ch
fal
ls
as
pre
cip
ita
tio
n o
ver
the
Bas
in,
abo
ut
30
cen
tim
ete
rs
(12
inc
hes
) p
er
yea
r,
or
239
.2
bil
lio
n l
ite
rs
(63
.2
bil
lio
n
gall
ons)
per
day,
run
off
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land
into
stre
ams,
lake
s, a
nd u
ltim
atel
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to t
he
Gre
at
Lak
es.
Ave
rag
e a
nnu
al
run
off
for
maj
or
Uni
ted
Sta
tes
tri
but
ari
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ran
ges
fro
m 2
3 t
o 9
7 c
ent
ime
ter
s (
9 t
o 3
8 i
nch
es)
due
to
dif
fer
enc
es
in
tem
per
atu
re,
veg
eta
tio
n,
ter
rai
n,
sur
fic
ial
fea
tur
es,
geo
log
y,
and
lan
d u
se,
as
wel
l a
s t
o
diff
eren
ces
in a
nnua
l pr
ecip
itat
ion
dist
ribu
tion
.
Gene
ral
low
topo
grap
hic
reli
ef a
nd s
urfi
cial
glac
ial
depo
sits
enco
urag
e i
nfil
trat
ion
of w
ater
, wh
ile
nume
rous
lake
s, m
arsh
es,
and
peat
bogs
refl
ect
poor
deve
lopm
ent
of r
egio
nal
surf
ace
drai
nage
syst
ems.
Area
stre
ams
are
gene
rall
y sh
ort,
and
thei
r av
erag
e
annual flows are low for basins of their drainage areas.
Ground Water
Base flow of regional streams is derived largely from ground water sources.
Nearly half of the Basin's land area is underlain by aquifers that yield over
0.37 million liters per day per square kilometers (0.25 mgd per square mile).
Well yields in the Basin can range upward to as much as 18,925 liters per minute
(5,000 gallons per minute) in these areas. Average annual yield from ground
water systems in the Basin is estimated at 98 billion liters per day (26 bgd).
Ground water is present everywhere throughout the Basin, but in limited
quantities in areas where the bedIOCk is at or near the surface (Figure ll).
The most productive aquifers occur in unconsolidate, well—sorted sand and
gravel deposits, especially where natural recharge from streams or precipitation
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can occur readily. The deposits are most widespread in western and central
Michigan, northeastern Indiana, the western part of the Wisconsin area, and
locally in the remaining areas.
Bedrock aquifers also vary in their productivity throughout the Basin,
but they are more widespread, contixuous, and generally more predictable in
their potential than unconsolidated aquifers. Carbonate (limestone and dolo-
mite) aquifers constitute the most common bedrock aquifers in the Basin. They
occur along the northern and western shore of Lake Michigan, from Illinois to
Cleveland, and along the southern shore of Lake Ontario. The carbonates
are most productive, with well yields as much as 1,000 gpm, where they extrude
or are overlain by unconsolidated deposits. Solution processes have developed
good permeability in these areas. Sandstone aquifers are the next most common
bedrock aquifers. A thick sequence of productive sandstone units (well yields
as much as 1,300 gpm) is present along the western and northern part of the
Lake Michigan basin. Such productive units with well yields as much as 500 gpm
are also present in parts of Michigan and in Ohio, Pennsylvania, and New York.
As aquifers, shale beds are the least productive sedimentary unit. Shales are
abundant in the southern part of the Great Lakes Basin from Indiana to the
Adirondack Mountains.
Chemical quality of ground water in the Basin is generally good but varies
considerably from area to area, depending on the type of aquifer and its depth.
Hardness, iron content, and salinity are the most common problems in developing
a ground water source. Hanito very hard water generally is present in the
carbonate aquifers, in many sandstone aquifers, and in aquifers in unconsolidated
deposits that contain carbonate sediments. Excessive iron is very common where
the recharge source is relatively close or recharge is rapid. Saline, mineral-
ized, or brackish water containing more than 1,000 mg/l of dissolved solids is
present in deep bedrock throughout the Basin. In many areas, highly mineralized
water is present at shallow or relatively shallow depths of 75—200 feet. This
mineralized water has been in contact with the rocks for a long time or has
moved through as easily dissolved rock, such as gypsum, and has accumulated
excessive minerals. Highly mineralized water is seldom present in surficial
unconsolidated sediments, except locally in New York, Pennsylvania, and Michi—
gan. In these situations, the mineralized water usually has migrated upward
from bedrock sources.
The most critical region for highly mineralized water is the Saginaw Bay
area of Michigan, where saline water is present in most bedrock aquifers and
even in much of the unconsolidataisediments. Saline water is present in
relatively shallow (less than 200 feet) bedrock aquifers in the region from
Gary, Indiana, to Oneida Lake, New York. Elsewhere, central Michigan, parts
of upper Michigan, and the western Lake Superior area have saline aquifers at
relatively shallow depths. Most of these areas have freshwater aquifers present
in overlying sand and gravel deposits.
Natu
ral
grou
nd w
ater
disc
harg
e or
runo
ff w
as u
sed
to e
stim
ate
basi
n yi
eld
as a means of determining the ground water potential of the Basin. Ground water
runoff with any evapotranspiration that can be salvaged represents the "perennial
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Surface Water
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at
Lak
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res
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ate
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fre
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r
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e
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tem
in
the
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ld.
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fro
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ake
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Lak
e M
ich
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n,
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e
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l
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Lak
e
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Lak
e H
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n t
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m t
hes
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Lak
e E
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thr
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h t
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ir
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e S
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t R
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r.
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e E
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n t
ran
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r,
plu
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—
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in,
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d o
f t
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St.
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ren
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Riv
er.
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re
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a p
rog
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e d
rop
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e e
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thr
oug
h t
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of
Lak
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(Fi
gur
e 1
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Sev
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met
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(22
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in
ele
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te
Lak
e S
upe
rio
r
and
Lak
e H
uro
n.
Lak
e H
uro
n a
nd
Lak
e M
ich
iga
n a
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one
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ge
res
erv
oir
at
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e l
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l.
Two
met
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Lak
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and
Eri
e.
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ele
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s o
f t
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er
sur
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e o
f t
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Gre
at
Lak
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d t
o t
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mea
n
sea
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el
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Fat
her
Poi
nt,
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bec
, o
n t
he
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f o
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t.
Law
ren
ce.
Thi
s p
lan
e o
f
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ere
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, e
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bli
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d e
spe
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for
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Gre
at
Lak
es,
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led
the
Int
er—
nat
ion
al
Gre
at
Lak
es
Dat
um
(19
55)
.
The
ave
rag
e m
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hly
and
ann
ual
Lak
e l
eve
ls
for
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yea
r p
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en
in
Tab
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n L
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s f
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e l
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Approximate water surface elevations of Lakes are 183 mEterS (601 feet), 176
met
ers
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fee
t),
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met
ers
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fee
t),
and
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met
ers
(245
fee
t)
for
Lak
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Superior, Michigan—Huron, Erie, and Ontario respectively.
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Lak
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y m
ean
wat
er
lev
els
fro
m w
int
er
low
to
sum
mer
hig
h i
s o
nly
one
foo
t;
on
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y l
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r f
rom
ext
rem
e l
ow
to
ext
rem
e h
igh
hav
e v
ari
ed
fou
r f
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; f
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, f
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maj
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pro
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con
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m l
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TABLE 4 Average Levels of the Great Lakes in meters, 1937—1969,
IGLD (1955)7
Superior Michigan—Huron Erie Ontario
at at at at
Period Marquette Harbor Beach Cleveland Oswego
January 183.00 176.01 173.66 74.40
February 182.93 176.01 173.68 74.42
March 182.89 176.02 173.76 74.50
April 182.92 176.09 173.92 74.71
May 183.04 176.19 174.03 74.85
June 183.13 172.26 174.07 74.92
July 183.20 176.32 174.06 74.88
August 183.23 176.30 174.00 74.77
September 183.23 176.25 173.90 74.64
October 183.20 176.19 173.79 74.51
November 183.15 176.13 173.70 74.44
December 183.08 176.08 173.68 74.42
Annual 183.08 176.15 173.85 74.62
 
The
plan
kton
foun
d in
the
Grea
t La
kes
is c
hara
cter
isti
c of
larg
e an
d de
ep
lake
s.
Diat
oms
are
the
most
impo
rtan
t co
nsti
tuen
ts o
f th
e pl
ankt
on,
alth
ough
zooplankton may occasionally equal the diatoms in biomass but not in numbers.
Blue-green algae are at times especially abundant in Lake Erie and sometimes
in L
ake
Onta
rio.
Even
in L
ake
Erie
, ho
weve
r,
diat
oms
usua
lly
comp
rise
75 p
er—
cent of the phytoplankton.
The chemical and biological characteristics of the Great Lakes system are
undergoing rapid change. The Lakes changing the most are those surrounded by
the greatest concentrations of human population. Significant increases in
the last 40 years in Great Lakes levels of total dissolved solids, largely
phosphates, calcium, sodium, sulfates, and chlorides, particularly in Lakes
Erie and Ontario, are generally considered to correlate with the rapidly
aging aquatic systems.
Quality control problems are becoming serious in areas of high population
concentration like Chicago—Gary, Detroit, Cleveland, and Buffalo. Lake Erie
and southern Lake Michigan are experiencing accelerated eutrophication as a
result of the large quantities of untreated substances enteringthem. The
loss of recreational beaches and fish and wildlife habitat on the Great Lakes
and interior lakes and streams illustrates the intensity of growing pollution
problems. Waste must be controlled at its source and additional research is
required to help answer the many questions posed by the pollution problem. The
projected expansion of power facilities in the Basin raises some concern over
the dissipation of large quantities of heated water. The kinds and quantities
of agricultural substances applied to Basin lands must be carefully scrutinized
30
 in light of their potential effects on water quality.
VEGETATION ZONES AND WILDLIFE HABITAT
 
The natural vegetational pattern of the Great Lakes Region has been
greatly modified. Virgin forest lands are almost nonexistent, and much of
the once—forested land, especially in the southern portions of the Region, has
been replaced by urban, industrial, and agricultural development.
In the areas surrounding Lake Ontario, Lake Erie, southeastern Lake Huron,
and southeastern Lake Michigan, the broadleaf deciduous tree (Figure 13),
including oaks, hickories, yellow poplar, maples, and 50 or more other species,
is the predominant natural vegetation. Southwestern Lake Michigan borders on
the eastern edge of the vast interior prairie grasslands. The western portion
of the Lake Superior region is covered predominantly with stands of pine and
spruce. Between these two major vegetational types (i.e., coniferous on the
northwest side of the Region and hardwoods on the south and east) a transition
zone is found in which there is a mixture of maple, yellow birch, hemlock,
and pine.
Interspersed among these forested lands are bogs. In addition, beach areas
support their own distinctive dunal vegetation, including grasses, cedar,
balsam fir, and spruce.
Nearly all of the Great Lakes Basin is wildlife habitat. In the U.S.
port
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he l
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ion
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r re
sour
ce b
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acres). The shoal waters in the U.S. portion of the Great Lakes total
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ares
(610
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s).
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l, 1
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eig
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.
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 furbearers. There are about 63 species of mammals and 300 species of birds
native to the Basin. Game birds include the pheasant, ruffed grouse, geese,
and ducks.
Fish habitat provided by inland streams and lakes, as well as the Great
Lakes, supports a wide variety of cold- and warmwater species for sport fishing
and a limited commercial fishery. Habitat conditions vary over inland lakes and
streams with coldwater species dominating in the northern half of the Basin
and warmwater species most common in the southern portion.
About 173 species in 75 genera and 29 families are represented in the
Great Lakes system. In addition to those which found their way to the Great
Lakes by natural means are 11 species which have been purposely or accidentally
introduced and have established themselves. An additional 7 species were intro-
duced but failed to establish permanent populations.10
Polychlorinated biphenyls (PCBs), which are toxic to a wide range of
animals, including humans, have been found at above—tolerance levels in large
lake trout and salmon in the Great Lakes. The effect of high PCB levels on
fish populations is a source of concern.
DEMOGRAPHIC AND ECONOMIC CHARACTERISTICS
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o b
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ra
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M
i
l
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t
a
r
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2
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9
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2
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3
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1
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6
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1.
0
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2
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5
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8
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0
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1.
6
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5.
4
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7.
9
3.
0
3
0
1
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5
3
5
6
.
0
4
2
2
.
1
4.
0
3
,
3
6
8
.
6
3
.
8
0
1
.
4
4
,
3
9
6
.
2
5.
0
74
4.
1
83
4.
6
96
4.
4
To
ta
l
8,
70
6.
0
9,
84
1.
8
11
,3
02
.3
No
te
:
En
tr
ie
s
ma
y
no
t
ad
d
to
to
ta
l
be
ca
us
e
of
rO
un
di
ng
.
Ne
w
Yo
rk
.
De
cl
in
es
in
po
pu
la
ti
on
ha
ve
be
en
no
te
d
in
so
me
co
un
ti
es
in
th
es
e
areas (Table 5).
Resource Use and Development
Th
e
Gr
ea
t
La
ke
s
Re
gi
on
is
ty
pi
fi
ed
by
a
wi
de
va
ri
et
y
of
ec
on
om
ic
co
nd
it
io
ns
an
d
oc
cu
pa
ti
on
al
pu
rs
ui
ts
.
Th
e
no
rt
he
rn
Ba
si
n
is
ch
ar
ac
te
ri
ze
d
by
in
du
st
ry
de
pe
nd
en
t
up
on
fo
re
st
an
d
mi
ne
ra
l
re
so
ur
ce
s
an
d
he
av
y
re
li
an
ce
up
on
th
e
gr
ow
th
of
ye
ar
—r
ou
nd
re
cr
ea
ti
on
.
Lo
w
fa
mi
ly
in
co
me
s,
ou
t—
mi
gr
at
io
n,
an
d
po
or
fa
rm
in
g
ar
e
ty
pi
ca
l
in
ma
ny
of
th
es
e
ar
ea
s.
Ag
ri
cu
lt
ur
e
an
d
di
ve
rs
if
ie
d
ma
nu
fa
ct
ur
in
g
ar
e
co
nc
en
tr
at
ed
in
th
e
ce
nt
ra
l
se
ct
io
n
of
th
e
Ba
si
n,
wh
il
e
on
th
e
la
ke
sh
or
es
ar
e
a
nu
mb
er
of
ce
nt
er
s
fo
r
he
av
y
in
du
st
ry
wi
th
em
ph
as
is
on
ir
on
,
st
ee
l,
pe
tr
o-
le
um
an
d
ch
em
ic
al
pr
od
uc
ti
on
.
Ge
ne
ra
l
fa
rm
in
g
is
pr
ac
ti
ce
d
ov
er
la
rg
e
ar
ea
s
in
36
the
sou
the
rn
par
t o
f t
he
Bas
in,
whi
le
spe
cia
liz
ed
cro
ps
are
gro
wn
alo
ng
the
lee
sid
es
of
the
Lak
es.
The
rec
rea
tio
n i
ndu
str
y i
s i
mpo
rta
nt
in
the
nor
the
rn
an
d
ea
st
er
n
se
ct
io
ns
of
th
e
Ba
si
n.
Abou
t 50
perc
ent
of t
he n
atio
n's
stee
l pr
oduc
tion
come
s fr
om t
he G
reat
Lake
s
Reg
ion
.
Nea
rly
8 p
erc
ent
of
the
nat
ion
's
min
era
l p
rod
uct
ion
val
ue
cam
e f
rom
the
Reg
ion
in
1968
.
Sli
ght
ly
ove
r 7
1 p
erc
ent
of
the
nat
ion
's
iro
n o
re
dol
lar
val
ue
was
der
ive
d
fro
m
the
Gre
at
Lak
es
are
a
in
tha
t
yea
r.
In
197
0 a
PPT
OXi
mat
61Y
11.
3 m
ill
ion
per
son
s (
38.5
per
cen
t o
f t
he
pop
ula
tio
n)
fou
nd
emp
loy
men
t i
n a
gri
cul
tur
e,
for
est
ry,
fis
her
ies
, m
ini
ng,
man
ufa
ctu
rin
g,
tra
des
and
ser
vic
es,
and
oth
er
occ
upa
tio
ns
in
the
Reg
ion
(Ta
ble
6).
Nea
rly
$11
4 b
ill
ion
in
tot
al
per
son
al
inc
ome
(18
per
cen
t o
f t
he
nat
ion
al
tot
al)
was
gen
era
ted
in
the
Reg
ion
in
197
0.
The
hea
vy
con
cen
tra
tio
n o
f
ind
us—
tri
al
act
ivi
ty
has
sup
por
ted
per
cap
ita
inc
ome
and
per
son
al
inc
ome
at
a l
eve
l
20
pe
rc
en
t
hi
gh
er
th
an
fo
r
the
co
un
tr
y
as
a w
ho
le
.
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 MAJOR LAND USES“)
INTRODUCTION
In 1972 the governments of Canada and the United States upon signing ‘
the Great Lakes Water Quality Agreement requested that the International
Joint Commission (IJC) investigate pollution of the boundary waters of the
Great Lakes system from agriculture, forestry and other land use activi-
ties
.
In l
973
the
IJC
char
ged
its
Refe
renc
e Gr
oup
on G
reat
Lake
s Po
llu-
tion
from
Land
Use
Acti
viti
es w
ith
the
resp
onsi
bili
ty o
f ob
tain
ing
a la
nd
use inventory of the Great Lakes Basin. The results of this inventory
will
be u
sed
to d
eter
mine
the
cont
ribu
tion
to t
he p
ollu
tion
of t
he G
reat
Lakes from land use activities.
In t
he s
umme
r of
1973
repr
esen
tati
ves
of t
he R
efer
ence
Grou
p, E
nvir
on-
ment
al P
rote
ctio
n Ag
ency
, U.
S.
Depa
rtme
nt o
f Ag
ricu
ltur
e/So
il
Cons
erva
tion
Serv
ice,
and
the
Labo
rato
ry
for
Appl
icat
ions
of R
emot
e Se
nsin
g (L
ARS)
/
Pur
due
Uni
ver
sit
y m
et
to
dis
cus
s t
he
fea
sib
ili
ty
of
usi
ng
com
put
er-
aid
ed
ana
lys
is
of
LAN
DSA
T-l
(fo
rme
rly
kno
wn
as
the
Ear
th
Res
our
ces
Tec
hno
log
y
Sat
ell
ite
) d
ata
to
pro
duc
e a
lan
d u
se
inv
ent
ory
.
Fun
ds
wer
e m
ade
ava
il-
abl
e f
rom
the
Off
ice
of
Uni
ver
sit
y A
ffa
irs
/Na
tio
nal
Aer
ona
uti
cs
and
Spa
ce
Adm
ini
str
ati
on
to
con
duc
t a
pil
ot
stu
dy.
LAN
DSA
T m
ult
isp
ect
ral
sca
nne
r
(MS
S)
dat
a
cov
eri
ng
a
6-c
oun
ty
are
a
in
sou
thw
est
ern
Mic
hig
an
wer
e
ana
lyz
ed
wit
h t
he
use
of
LAR
SYS
, a
dig
ita
l c
omp
ute
r s
oft
war
e s
yst
em
dev
elo
ped
at
LAR
S.
Wit
h t
he
aid
of
lim
ite
d r
efe
ren
ce
dat
a,
a s
ati
sfa
cto
ry
lan
d u
se
inventory was prepared for this area.
Th
is
su
cc
es
sf
ul
st
ud
y
le
d
the
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
to
co
n-
tra
ct
wit
h P
urd
ue
Uni
ver
sit
y/L
ARS
to
pre
par
e f
or
the
Ref
ere
nce
Gro
up
a
cur
ren
t l
and
use
inv
ent
ory
of
the
34,
000
,00
0 h
ect
are
s (
84,
000
,00
0 a
cres
)
included within the U.S. portion of the Great Lakes Basin.
Th
e
U.
S.
po
rt
io
n
of
th
e
Gr
ea
t
La
ke
s
Ba
si
n
co
ve
rs
an
ar
ea
ap
pr
ox
im
at
el
y
145
0 x
100
0 k
m (
900
x 6
20
mil
es)
in
the
eas
t/w
est
and
nor
th/
sou
th
dir
ec—
tio
ns,
res
pec
tiv
ely
.
The
Bas
in
inc
lud
es
Mic
hig
an
and
por
tio
ns
of
sev
en
oth
er
sta
tes
and
con
tai
ns
191
cou
nti
es.
Lan
d u
se
wit
hin
the
Bas
in
var
ies
fro
m m
ixe
d h
ard
woo
d a
nd
con
ife
rou
s
for
est
s,
lak
es,
and
wet
lan
ds
in
the
nor
the
rn
por
tio
n t
o c
omp
lex
agr
icu
ltu
ral
lan
d u
ses
in
the
sou
th.
In
add
iti
on,
the
re
are
sev
era
l
lar
ge
met
rop
oli
tan
are
as
whi
ch
inc
lud
e v
ary
ing
deg
ree
s o
f r
esi
den
tia
l,
com
mer
cia
l a
nd
ind
ust
ria
l l
and
uses
.
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E
F
E
r:
  
E
d
3
5
:
1
1
?
“
m
5
3
.
1
3
%
}
.
;
'
.
5
m
1
;
.
A
p
p
r
o
a
c
h
L
A
N
D
S
A
T
m
u
l
t
i
s
p
e
c
t
r
a
l
s
c
a
n
n
e
r
d
a
t
a
,
c
o
l
l
e
c
t
e
d
f
r
o
m
t
h
e
1
9
7
2
a
n
d
1
9
7
3
g
r
o
w
i
n
g
s
e
a
s
o
n
s
w
e
r
e
u
s
e
d
a
s
t
h
e
p
r
i
m
e
d
a
t
a
s
o
u
r
c
e
f
o
r
a
n
a
l
y
s
i
s
.
I
n
a
d
d
i
—
t
i
o
n
,
7
0
m
m
c
o
l
o
r
a
n
d
c
o
l
o
r
i
n
f
r
a
r
e
d
a
e
r
i
a
l
p
h
o
t
o
g
r
a
p
h
y
w
a
s
u
s
e
d
a
s
u
n
d
e
r
—
f
l
i
g
h
t
r
e
f
e
r
e
n
c
e
d
a
t
a
.
T
h
e
u
n
d
e
r
f
l
i
g
h
t
d
a
t
a
w
e
r
e
c
o
l
l
e
c
t
e
d
o
v
e
r
f
l
i
g
h
t
l
i
n
e
s
w
h
i
c
h
r
e
p
r
e
s
e
n
t
e
d
t
h
e
l
a
n
d
u
s
e
c
l
a
s
s
e
s
t
h
r
o
u
g
h
o
u
t
t
h
e
w
a
t
e
r
s
h
e
d
.
T
h
e
s
e
L
A
N
D
S
A
T
M
S
S
d
a
t
a
w
e
r
e
a
n
a
l
y
z
e
d
b
y
c
o
m
p
u
t
e
r
—
i
m
p
l
e
m
e
n
t
e
d
p
a
t
t
e
r
n
r
e
c
o
g
n
i
t
i
o
n
t
e
c
h
n
i
q
u
e
s
t
o
p
r
o
d
u
c
e
s
p
e
c
t
r
a
l
l
y
s
e
p
a
r
a
b
l
e
c
l
a
s
s
e
s
w
h
i
c
h
w
e
r
e
t
h
e
n
r
e
l
a
t
e
d
t
o
t
h
e
l
a
n
d
u
s
e
c
a
t
e
g
o
r
i
e
s
l
i
s
t
e
d
i
n
T
a
b
l
e
7
.
Table 7
L
A
N
D
U
S
E
C
A
T
E
G
O
R
I
E
S
C
L
A
S
S
I
F
I
E
D
L
e
v
e
l
I
L
e
V
e
l
I
I
U
r
b
a
n
R
e
s
i
d
e
n
t
i
a
l
C
o
m
m
e
r
c
i
a
l
/
I
n
d
u
s
t
r
i
a
l
A
g
r
i
c
u
l
t
u
r
e
R
o
w
C
r
o
p
s
Close Grown Crops
P
a
s
t
u
r
e
a
n
d
M
e
a
d
o
w
s
F
o
r
e
s
t
F
o
r
e
s
t
. 1/
N
o
M
a
j
o
r
U
s
a
g
e
—
W
a
t
e
r
Wetlands
l
/
T
h
e
r
e
s
i
d
u
a
l
i
n
l
a
n
d
a
r
e
a
n
o
t
d
e
v
o
t
e
d
to
u
r
b
a
n
,
a
g
r
i
c
u
l
t
u
r
a
l
or
f
o
r
e
s
t
us
e
.
Results
R
e
s
ul
t
s
of
th
e
la
nd
us
e
i
n
ve
n
t
o
r
y
ar
e
r
e
p
o
r
t
e
d
in
tw
o
fo
rm
s:
g
e
o
m
e
t
r
i
-
ca
ll
y
c
o
r
r
e
c
t
c
o
l
o
r
—
c
o
d
e
d
m
a
p
s
a
n
d
s
t
a
t
i
s
t
i
c
a
l
ta
bl
es
.
I
n
d
i
v
i
d
u
a
l
g
e
o
m
e
t
r
i
-
ca
ll
y
co
rr
ec
t
co
un
ty
ma
ps
we
re
pr
od
uc
ed
wi
th
ea
ch
of
th
e
Le
ve
l
I
la
nd
us
e
ca
te
go
ri
es
re
pr
es
en
te
d
by
a
de
si
gn
at
ed
co
lo
r.
St
at
is
ti
ca
l
ta
bl
es
of
ea
ch
co
un
ty
we
re
co
mp
il
ed
wh
ic
h
in
cl
ud
e
bo
th
pr
im
ar
y
an
d
se
co
nd
ar
y
le
ve
ls
of
la
nd
us
e
wi
th
ea
ch
ca
te
go
ry
re
po
rt
ed
as
1)
pe
rc
en
ta
ge
of
th
e
co
un
ty
ar
ea
,
2)
th
e
nu
mb
er
of
he
ct
ar
es
an
d
3)
th
e
nu
mb
er
of
ac
re
s
pr
es
en
t
in
ea
ch
co
un
ty
.
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LA
ND
US
E
IN
VE
NT
OR
Y
PR
OC
ED
UR
ES
The results of any land use inventory are highly dependent upon the
dat
a f
rom
whi
ch
the
inf
orm
ati
on
is
der
ive
d.
In
a p
roj
ect
suc
h a
s t
his
Grea
t La
kes
Land
Use
Inve
ntor
y, w
here
comp
uter
-aid
ed a
naly
sis
of s
ingl
e-
pas
s s
ate
lli
te
dat
a i
s t
he
pri
mar
y s
our
ce
of
inf
orm
ati
on,
the
fol
low
ing
wou
ld
be
the
opt
ima
l c
ond
iti
ons
for
dat
a c
oll
ect
ion
:
(1)
Clou
d-fr
ee,
sate
llit
e da
ta,
suff
icie
nt t
o co
ver
the
wate
rshe
d,
would be collected on consecutive satellite passes.
(2)
Und
erf
lig
ht
ref
ere
nce
dat
a a
nd
gro
und
obs
erv
ati
ons
wou
ld
be
collected concurrent with the satellite overpass. The quantity
of
gro
und
tru
th
col
lec
ted
wou
ld
be
ade
qua
te
to
cha
rac
ter
ize
all
desired land use categories.
_
.
.
W
W
~
_
_
.
.
_
.
_
_
.
"
W
.
.
_
.
_
.
.
_
_
_
_
.
.
.
—
—
—
(3)
Dat
a w
oul
d b
e c
oll
ect
ed
at
the
tim
e o
f y
ear
dur
ing
whi
ch
the
max
imu
m n
umb
er
of
des
ire
d l
and
use
cla
sse
s a
re
spe
ctr
all
y
separable.
In
th
e
Gr
ea
t
La
ke
s
La
nd
Us
e
In
ve
nt
or
y,
LA
ND
SA
T
mu
lt
is
pe
ct
ra
l
sc
an
ne
r
da
ta
we
re
ut
il
iz
ed
as
the
pr
im
ar
y
da
ta
sou
rce
.
To
al
lo
w
for
the
id
en
ti
fi
-
ca
ti
on
of
th
e
ma
xi
mu
m
nu
mb
er
of
de
si
re
d
la
nd
us
e
cl
as
se
s,
mu
lt
is
pe
ct
ra
l
da
ta
we
re
us
ed
on
ly
fr
om
LA
ND
SA
T
pa
ss
es
be
tw
ee
n
Ap
ri
l
an
d
Oc
to
be
r
of
19
72
or
197
3.
In
or
de
r
to
be
ab
le
to
ob
ta
in
cl
ou
d-
fr
ee
da
ta
ov
er
the
en
ti
re
wa
te
rs
he
d,
it
wa
s
ne
ce
ss
ar
y
to
se
le
ct
da
ta
fr
om
th
e
gr
ow
in
g
se
as
on
s
of
bo
th
ye
ar
s.
LA
ND
SA
T
da
ta
we
re
se
le
ct
ed
by
LA
RS
pe
rs
on
ne
l
ap
pl
yi
ng
th
e
following criteria:
(1)
Th
e
sc
en
e
mu
st
be
as
fr
ee
of
cl
ou
d
co
ve
r
as
po
ss
ib
le
.
(2)
Al
l
sp
ec
tr
al
ba
nd
s
mu
st
be
of
go
od
qu
al
it
y.
(3
)
Th
e
sc
en
e
sh
ou
ld
be
fr
om
th
e
mo
st
re
ce
nt
ye
ar
av
ai
la
bl
e
me
et
in
g
criteria 1 and 2.
In
th
e
se
le
ct
io
n
pr
oc
es
s
a
li
st
in
g
of
th
e
be
st
av
ai
la
bl
e
LA
ND
SA
T
da
ta
fo
r
th
e
Gr
ea
t
La
ke
s
Ba
si
n
wa
s
pr
od
uc
ed
.
Th
e
US
DA
/S
CS
us
ed
th
is
li
st
fo
r
pu
rc
ha
si
ng
th
e
da
ta
fr
om
th
e
ER
OS
Da
ta
Ce
nt
er
.
In
ad
di
ti
on
to
LA
ND
SA
T
da
ta
,
ae
ri
al
ph
ot
og
ra
ph
y
wa
s
co
ll
ec
te
d
fo
r
us
e
as
un
de
rf
li
gh
t
re
fe
re
nc
e
da
ta
.
Th
is
co
ns
is
te
d
of
70
mm
co
lo
r
an
d
co
lo
r
in
fr
ar
ed
ph
ot
og
ra
ph
y,
ta
ke
n
at
ap
pr
ox
im
at
el
y
3,
00
0
me
te
rs
(9
60
0
fe
et
)
al
ti
-
tu
de
du
ri
ng
Au
gu
st
19
73
an
d
Ju
ne
19
74
.
Co
ve
ra
ge
by
ae
ri
al
ph
ot
og
ra
ph
y
re
pr
es
en
ts
ap
pr
ox
im
at
el
y
4
pe
rc
en
t
of
th
e
to
ta
l
ar
ea
of
th
e
Gr
ea
t
La
ke
s
Ba
si
n.
Fl
ig
ht
li
ne
s
we
re
ch
os
en
wh
ic
h
re
pr
es
en
te
d
th
e
ma
jo
ri
ty
of
th
e
la
nd
us
e
cl
as
se
s
fo
un
d
th
ro
ug
ho
ut
th
e
pl
an
ar
ea
s.
It
sh
ou
ld
be
ob
se
rv
ed
th
at
th
e
un
de
rf
li
gh
t
re
fe
re
nc
e
da
ta
we
re
no
t
co
ll
ec
te
d
co
nc
ur
re
nt
wi
th
any satellite overpass.
41
  
.
.
.
M
-
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.
w
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H
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“
a
:
1
,
,
A
,
.
t
m
u
w
x
w
4
;
=
1
“
1
.
.
.
.
”
w
a
s
.
a
.
.
.
  
O
t
h
e
r
r
e
f
e
r
e
n
c
e
d
a
t
a
i
n
c
l
u
d
e
:
(
1
)
C
o
u
n
t
y
h
i
g
h
w
a
y
m
a
p
s
(
2
)
1
:
2
4
,
0
0
0
U
n
i
t
e
d
S
t
a
t
e
s
G
e
o
l
o
g
i
c
a
l
S
u
r
v
e
y
t
o
p
o
g
r
a
p
h
i
c
m
a
p
s
(
3
)
l
:
2
5
0
,
0
0
0
U
n
i
t
e
d
S
t
a
t
e
s
G
e
o
l
o
g
i
c
a
l
S
u
r
v
e
y
t
o
p
o
g
r
a
p
h
i
c
m
a
p
s
(
4
)
C
o
u
n
t
y
s
o
i
l
s
u
r
v
e
y
s
(
5
)
C
i
t
y
m
a
p
s
(
6
)
1
9
6
7
C
o
n
s
e
r
v
a
t
i
o
n
N
e
e
d
s
I
n
v
e
n
t
o
r
y
(
U
S
D
A
/
S
C
S
)
(
7
)
1
9
7
2
,
1
9
7
3
r
e
p
o
r
t
s
o
f
t
h
e
S
t
a
t
i
s
t
i
c
a
l
R
e
p
o
r
t
i
n
g
S
e
r
v
i
c
e
(
U
S
D
A
)
.
P
r
o
c
e
s
s
i
n
g
a
n
d
A
n
a
l
y
s
i
s
S
i
n
c
e
t
h
e
r
e
s
u
l
t
s
o
f
t
h
i
s
p
r
o
j
e
c
t
w
e
r
e
t
o
b
e
p
r
e
s
e
n
t
e
d
a
t
t
h
e
c
o
u
n
t
y
l
e
v
e
l
,
t
h
i
s
d
i
c
t
a
t
e
d
t
h
a
t
s
e
v
e
r
a
l
r
a
t
h
e
r
s
m
a
l
l
a
n
a
l
y
s
i
s
t
a
s
k
s
b
e
p
e
r
f
o
r
m
e
d
a
s
o
p
p
o
s
e
d
t
o
a
f
e
w
t
a
s
k
s
c
o
v
e
r
i
n
g
l
a
r
g
e
a
r
e
a
s
.
I
n
o
r
d
e
r
t
o
s
t
a
n
d
a
r
d
i
z
e
t
h
e
a
n
a
l
y
s
i
s
p
r
o
c
e
d
u
r
e
s
,
a
c
o
m
p
r
e
h
e
n
s
i
v
e
p
r
o
c
e
d
u
r
e
s
d
o
c
u
m
e
n
t
w
a
s
p
r
e
p
a
r
e
d
.
T
h
i
s
d
o
c
u
m
e
n
t
w
a
s
c
o
n
c
e
r
n
e
d
w
i
t
h
t
h
e
a
r
e
a
s
o
f
d
a
t
a
p
r
e
p
r
o
c
e
s
s
i
n
g
,
a
n
a
l
y
s
i
s
a
n
d
r
e
s
u
l
t
s
a
n
d
i
s
s
u
m
m
a
r
i
z
e
d
i
n
t
h
e
f
o
l
l
o
w
i
n
g
p
a
r
a
g
r
a
p
h
s
.
D
a
t
a
P
r
e
p
r
o
c
e
s
s
i
n
g
U
p
o
n
r
e
c
e
i
p
t
f
r
o
m
t
h
e
E
R
O
S
D
a
t
a
C
e
n
t
e
r
,
L
A
N
D
S
A
T
M
S
S
d
a
t
a
w
e
r
e
c
a
t
a
-
l
o
g
e
d
i
n
t
o
t
h
e
L
A
R
S
d
a
t
a
l
i
b
r
a
r
y
a
n
d
f
o
r
w
a
r
d
e
d
to
t
h
e
L
A
R
S
c
o
m
p
u
t
e
r
f
a
c
i
l
i
t
y
to
be
r
e
f
o
r
m
a
t
t
e
d
in
to
a
f
o
r
m
c
o
m
p
a
t
i
b
l
e
w
i
t
h
th
e
L
A
R
S
c
o
m
p
u
t
e
r
s
o
f
t
wa
r
e
s
ys
t
e
m
.
I
n
d
i
v
i
d
u
a
l
c
o
u
n
t
y
d
a
t
a
s
e
t
s
w
e
r
e
t
h
e
n
p
r
e
p
a
r
e
d
.
T
h
i
s
w
a
s
a
c
c
o
m
-
p
l
i
s
h
e
d
b
y
f
i
r
s
t
l
o
c
a
t
i
n
g
th
e
c
o
u
n
t
y
w
i
t
h
i
n
t
h
e
a
p
p
r
o
p
r
i
a
t
e
f
r
a
m
e
o
f
L
A
N
D
S
A
T
da
ta
an
d
r
e
q
ue
s
t
i
n
g
th
at
a
p
o
r
t
i
o
n
of
th
e
da
ta
c
o
n
t
a
i
n
i
n
g
th
e
d
e
s
i
r
e
d
c
o
un
t
y
be
g
e
o
m
e
t
r
i
c
a
l
l
y
co
rr
ec
te
d.
Th
e
g
e
o
m
e
t
r
i
c
c
o
r
r
e
c
t
i
o
n
p
r
o
c
e
d
u
r
e
a
c
c
o
m
p
l
i
s
h
e
d
the following:
(1
)
ro
ta
te
d
th
e
da
ta
to
a
no
rt
h—
so
ut
h
or
ie
nt
at
io
n,
(2
)
el
im
in
at
ed
sk
ew
wi
th
in
th
e
da
ta
ca
us
ed
by
ea
rt
h'
s
ro
ta
ti
on
,
and
(3)
re
sc
al
ed
th
e
da
ta
(1
:1
as
pe
ct
ra
ti
o)
.
Ne
xt
,
th
e
ge
om
et
ri
ca
ll
y
co
rr
ec
te
d
ar
ea
s
we
re
di
sp
la
ye
d
up
on
a
di
gi
ta
l
im
ag
e
di
sp
la
y
un
it
an
d
th
e
in
di
vi
du
al
co
un
ty
bo
un
da
ry
wa
s
de
li
ne
at
ed
wi
th
th
e
us
e
of
a
li
gh
t
pe
n
to
in
pu
t
li
ne
an
d
co
lu
mn
co
or
di
na
te
s
to
ap
pr
ox
im
at
e
th
e
bo
un
da
ry
by
a
se
ri
es
of
st
ra
ig
ht
li
ne
s.
Th
e
bo
un
da
ri
es
we
re
se
le
ct
ed
by
co
mp
ar
in
g
vi
si
bl
e
fe
at
ur
es
co
nt
ai
ne
d
wi
th
in
th
e
da
ta
(s
tr
ea
ms
,
la
ke
s,
ro
ad
s,
ci
ti
es
,
et
c.
)
to
in
fo
rm
at
io
n
co
nt
ai
ne
d
on
to
po
gr
ap
hi
c
an
d
co
un
ty
hi
gh
wa
y
ma
ps
.
Th
e
co
un
ty
bo
un
da
ri
es
ge
ne
ra
te
d
we
re
ge
ne
ra
ll
y
wi
th
in
t
40
0
met
ers
(1/
4 m
ile
)
of
the
act
ual
cou
nty
bou
nda
ry.
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After the individual counties were outlined, the *GENTAPE processor,
developed during this project, was used to generate separate data sets con-
taining only the data within the county boundaries. These data sets were
used by the analysts for classification of the county.
For some counties, no single LANDSAT frame existed which contained
the entire county. For those counties which overlapped two frames of data
taken on the same day, where one frame was south of the other, the overlap-
ping lines of the two frames could be removed and the desired data con-
nected into one data set. From these data the area to be geometrically
corrected was then selected and the county boundaries delineated as pre—
viously described. If the county overlapped two frames in an east-west
manner or was contained in two north-south frames of different dates, two
separate data sets for the county had to be generated since the data were
collected under different atmospheric conditions and different calibration
parameters. If this were the case, the county was treated as two individ-
ual data sets during the analysis procedure.
Analysis
Prior to analysis the 191 counties were divided into two categories:
(a) those having underflight reference data available and (b) those having
no underflight reference data. Those counties which had sufficient under-
flight data were analyzed and classified from statistics generated within
the county. The statistics were prepared utilizing the underflight data
and other available reference data to obtain informational classes from
the spectral classes. Counties which did not have underflight data were
classified using the statistics generated from an adjoining or nearest
neighbor county. This procedure assumed that training statistics generated
in one county could be extended over a distance of 90 to 100 kilometers
(50-60 miles). However, it was stipulated that the statistics could not be
extended to areas outside the frame of LANDSAT data from which they were
generated.
Analysis Procedure
Computer-implemented pattern recognition techniques, LARSYS Version 3,
were utilized to classify the LANDSAT data into spectrally separable classes
which could be related to informational land use categories. Details.of
the analysis procedures are given in nine steps:
1)
A
gr
ey
-s
ca
le
re
pr
es
en
ta
ti
on
of
th
e
sp
ec
tr
al
ba
nd
s
5
an
d
7
fo
r
eac
h d
ata
set
(co
unt
y)
was
obt
ain
ed
by
usi
ng
the
*PI
CTU
REP
RIN
T
pro
ces
sor
.
Thi
s
pro
ces
sor
div
ide
s
the
rad
ian
ce
val
ues
of
eac
h
spe
ctr
al
ban
d i
nto
16
equ
al
gro
upi
ngs
of
gre
y-l
eve
l v
alu
es.
The
ou
tp
ut
of
th
is
pr
oc
es
so
r
is
a
co
mp
ut
er
pr
in
to
ut
wi
th
ea
ch
gr
ey
-
le
ve
l
gr
ou
pi
ng
re
pr
es
en
te
d
by
an
in
di
vi
du
al
al
ph
an
um
er
ic
sym
bol
.
Th
e
lo
ca
ti
on
of
th
e
fl
ig
ht
li
ne
fo
r
th
e
ap
pr
op
ri
at
e
un
de
rf
li
gh
t
re
fe
re
nc
e
da
ta
wa
s
ma
rk
ed
on
th
e
co
mp
ut
er
pr
in
to
ut
.
By
co
mp
ar
is
on
of
th
e
gr
ey
-s
ca
le
in
fo
rm
at
io
n
an
d
th
e
un
de
rf
li
gh
t
re
fe
re
nc
e
da
ta
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 .
5
.
x
;
w
m
w
n
r
n
-
;
r
w
.
r
m
n
w
i
;
2)
3)
4)
5)
6)
i
t
w
a
s
p
o
s
s
i
b
l
e
f
o
r
t
h
e
a
n
a
l
y
s
t
t
o
o
b
s
e
r
v
e
g
r
o
s
s
r
e
l
a
t
i
o
n
s
h
i
p
s
b
e
t
w
e
e
n
l
a
n
d
u
s
e
c
a
t
e
g
o
r
i
e
s
a
n
d
s
p
e
c
t
r
a
l
d
a
t
a
.
F
r
o
m
o
b
s
e
r
v
a
t
i
o
n
o
f
t
h
e
g
r
e
y
-
s
c
a
l
e
/
f
l
i
g
h
t
l
i
n
e
i
n
f
o
r
m
a
t
i
o
n
t
h
e
a
n
a
l
y
s
t
s
e
l
e
c
t
e
d
t
h
e
l
i
n
e
a
n
d
c
o
l
u
m
n
c
o
o
r
d
i
n
a
t
e
s
o
f
a
r
e
a
s
o
f
i
n
t
e
r
e
s
t
f
o
r
i
n
p
u
t
i
n
t
o
t
h
e
m
o
d
i
f
i
e
d
*
C
L
U
S
T
E
R
p
r
o
c
e
s
s
o
r
.
T
h
i
s
p
r
o
c
e
s
s
o
r
u
t
i
l
i
z
e
s
d
a
t
a
f
r
o
m
a
l
l
s
p
e
c
t
r
a
l
b
a
n
d
s
t
o
c
l
u
s
t
e
r
t
h
e
s
p
e
c
t
r
a
l
d
a
t
a
i
n
t
o
c
l
a
s
s
e
s
c
o
n
t
a
i
n
i
n
g
s
i
m
i
l
a
r
s
p
e
c
t
r
a
l
c
h
a
r
a
c
—
t
e
r
i
s
t
i
c
s
.
T
h
i
s
p
r
o
c
e
s
s
o
r
a
l
s
o
p
r
o
v
i
d
e
s
s
t
a
t
i
s
t
i
c
a
l
i
n
f
o
r
m
a
t
i
o
n
o
n
t
h
e
h
o
m
o
g
e
n
e
i
t
y
a
n
d
s
e
p
a
r
a
b
i
l
i
t
y
o
f
t
h
e
c
l
u
s
t
e
r
c
l
a
s
s
e
s
.
T
h
e
s
e
c
l
a
s
s
e
s
w
e
r
e
i
d
e
n
t
i
f
i
e
d
b
y
r
e
l
a
t
i
n
g
t
h
e
m
t
o
t
h
e
u
n
d
e
r
-
f
l
i
g
h
t
r
e
f
e
r
e
n
c
e
d
a
t
a
t
o
o
b
t
a
i
n
i
n
f
o
r
m
a
t
i
o
n
a
l
s
u
b
c
l
a
s
s
e
s
.
U
t
i
-
l
i
z
i
n
g
t
h
e
s
t
a
t
i
s
t
i
c
a
l
i
n
f
o
r
m
a
t
i
o
n
p
r
o
v
i
d
e
d
,
t
h
e
a
n
a
l
y
s
t
r
e
t
a
i
n
e
d
,
c
o
m
b
i
n
e
d
o
r
d
e
l
e
t
e
d
t
h
e
i
n
f
o
r
m
a
t
i
o
n
a
l
s
u
b
c
l
a
s
s
e
s
o
n
t
h
e
b
a
s
i
s
o
f
t
h
e
i
r
s
p
e
c
t
r
a
l
s
e
p
a
r
a
b
i
l
i
t
y
.
T
h
e
*
M
E
R
G
E
S
T
A
T
I
S
T
I
C
S
p
r
o
c
e
s
s
o
r
w
a
s
u
s
e
d
t
o
d
e
v
e
l
o
p
i
n
f
o
r
m
a
t
i
o
n
a
l
s
u
b
c
l
a
s
s
e
s
f
r
o
m
d
i
f
f
e
r
e
n
t
c
l
u
s
t
e
r
i
n
g
t
a
s
k
s
.
T
h
e
s
e
s
u
b
c
l
a
s
s
e
s
w
e
r
e
r
e
t
a
i
n
e
d
,
c
o
m
b
i
n
e
d
,
o
r
d
e
l
e
t
e
d
a
c
c
o
r
d
i
n
g
t
o
t
h
e
s
e
p
a
r
a
b
i
l
i
t
y
i
n
f
o
r
m
a
t
i
o
n
p
r
o
v
i
d
e
d
i
n
t
h
e
c
l
u
s
t
e
r
p
r
o
c
e
s
s
o
r
a
n
d
a
l
s
o
b
y
c
o
m
p
a
r
i
-
s
o
n
o
f
t
h
e
r
e
l
a
t
i
o
n
s
h
i
p
o
f
s
u
b
c
l
a
s
s
e
s
t
o
a
v
a
i
l
a
b
l
e
u
n
d
e
r
f
l
i
g
h
t
reference data.
T
h
e
n
e
w
s
t
a
t
i
s
t
i
c
s
d
e
c
k
g
e
n
e
r
a
t
e
d
f
r
o
m
*
M
E
R
G
E
S
T
A
T
I
S
T
I
C
S
p
r
o
c
e
s
s
o
r
w
a
s
i
n
p
u
t
i
n
t
o
t
h
e
*
S
E
P
A
R
A
B
I
L
I
T
Y
p
r
o
c
e
s
s
o
r
a
n
d
t
h
e
s
e
p
a
r
a
b
i
l
i
t
y
o
f
s
u
b
c
l
a
s
s
e
s
o
n
c
e
a
g
a
i
n
v
e
r
i
f
i
e
d
.
U
s
i
n
g
t
h
e
s
t
a
t
i
s
t
i
c
s
d
e
c
k
o
b
t
a
i
n
e
d
a
b
o
v
e
,
t
h
e
a
r
e
a
d
e
f
i
n
e
d
a
s
t
h
e
c
o
u
n
t
y
w
a
s
c
l
a
s
s
i
f
i
e
d
u
s
i
n
g
a
w
e
i
g
h
t
e
d
v
e
r
s
i
o
n
o
f
t
h
e
*
C
L
A
S
S
I
F
Y
-
P
O
I
N
T
S
a
l
g
o
r
i
t
h
m
(
b
a
s
e
d
o
n
t
h
e
m
a
x
i
m
u
m
l
i
k
e
l
i
h
o
o
d
p
r
o
b
a
b
i
l
i
t
y
f
u
n
c
t
i
o
n
)
.
D
a
t
a
o
b
t
a
i
n
e
d
f
r
o
m
t
h
e
1
9
6
7
C
o
n
s
e
r
v
a
t
i
o
n
N
e
e
d
s
I
n
v
e
n
-
t
o
r
y
w
a
s
i
n
p
u
t
a
s
"
a
p
r
i
o
r
i
"
i
n
f
o
r
m
a
t
i
o
n
f
o
r
t
h
e
v
a
r
i
o
u
s
c
l
a
s
s
w
e
i
g
h
t
s
.
I
n
o
r
d
e
r
t
o
c
o
n
s
e
r
v
e
c
o
m
p
u
t
e
r
t
i
m
e
d
u
r
i
n
g
c
l
a
s
s
i
f
i
c
a
t
i
o
n
o
n
l
y
b
a
n
d
s
5,
6
a
n
d
7
o
f
t
h
e
L
A
N
D
S
A
T
d
a
t
a
w
e
r
e
u
t
i
l
i
z
e
d
.
S
t
u
d
i
e
s
i
n
d
i
c
a
t
e
d
t
h
a
t
n
o
s
i
g
n
i
f
i
c
a
n
t
d
i
f
f
e
r
e
n
c
e
s
r
e
s
u
l
t
e
d
b
e
t
w
e
e
n
a
3
-
b
a
n
d
l
a
n
d
u
s
e
c
l
a
s
s
i
f
i
c
a
t
i
o
n
v
e
r
s
u
s
a
4
-
b
a
n
d
c
l
a
s
s
i
f
i
c
a
t
i
o
n
.
E
a
c
h
c
o
u
n
t
y
w
a
s
c
l
a
s
s
i
f
i
e
d
f
r
o
m
o
n
l
y
e
v
e
r
y
o
t
h
e
r
l
i
n
e
a
n
d
c
o
l
u
m
n
o
f
d
a
t
a
,
w
i
t
h
e
a
c
h
d
a
t
a
p
o
i
n
t
r
e
p
r
e
s
e
n
t
i
n
g
a
p
p
r
o
x
i
m
a
t
e
l
y
2
.
4
h
e
c
-
tares (6 acres).
A
f
t
e
r
c
l
a
s
s
i
f
i
c
a
t
i
o
n
t
h
e
*
P
R
I
N
T
R
E
S
U
L
T
S
p
r
o
c
e
s
s
o
r
p
r
o
d
u
c
e
d
a
n
a
l
p
h
a
n
u
m
e
r
i
c
p
r
i
n
t
o
u
t
o
f
t
h
e
L
e
v
e
l
I
l
a
n
d
u
s
e
c
a
t
e
g
o
r
i
e
s
a
n
d
t
h
e
L
e
v
e
l
I
a
n
d
L
e
v
e
l
II
t
a
b
u
l
a
r
l
a
n
d
u
s
e
s
t
a
t
i
s
t
i
c
s
f
o
r
e
a
c
h
c
o
u
n
t
y
.
T
a
b
u
l
a
r
i
n
f
o
r
m
a
t
i
o
n
wa
s
o
b
t
a
i
n
e
d
b
y
i
n
p
u
t
t
i
n
g
th
e
a
r
e
a
of
th
e
c
o
un
t
y
in
to
th
e
*
P
R
I
N
T
R
E
S
U
L
T
S
p
r
o
c
e
s
s
o
r
,
m
o
d
i
f
i
e
d
fo
r
th
is
p
r
o
-
je
ct
,
a
n
d
a
l
l
o
w
i
n
g
t
h
e
c
o
m
p
u
t
e
r
to
d
e
t
e
r
m
i
n
e
t
h
e
a
r
e
a
r
e
p
r
e
s
e
n
t
e
d
by
ea
ch
i
n
d
i
vi
d
ua
l
p
o
i
n
t
c
l
a
s
s
i
f
i
e
d
.
T
h
e
a
r
e
a
wa
s
c
o
m
p
u
t
e
d
fo
r
e
a
c
h
l
a
n
d
u
s
e
c
a
t
e
g
o
r
y
y
i
e
l
d
i
n
g
t
a
b
l
e
s
w
h
i
c
h
l
i
s
t
e
d
t
h
e
a
c
r
e
a
g
e
,
he
ct
ar
es
,
an
d
pe
rc
en
ta
ge
of
co
un
ty
ar
ea
in
ea
ch
cl
as
s
to
th
e
ne
ar
es
t
fo
ur
he
ct
ar
es
(1
0
ac
re
s)
.
T
h
e
c
l
a
s
s
i
f
i
c
a
t
i
o
n
p
r
i
n
t
o
u
t
s
a
n
d
t
a
b
u
l
a
r
i
n
f
o
r
m
a
t
i
o
n
w
e
r
e
c
o
m
-
p
a
r
e
d
t
o
t
h
e
1
9
6
7
C
o
n
s
e
r
v
a
t
i
o
n
N
e
e
d
s
I
n
v
e
n
t
o
r
y
,
1
9
7
2
,
1
9
7
3
U
S
D
A
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1
Statistical Reporting Service Reports and other available data
and a determination was made as to the validity of the classifi-
cation.
7) If the classification was accepted as the final version, the
results (classification tape) and the statistics deck used in
the classification were archived. If the classification was
rejected, steps 2-6 were repeated.
8) After the counties with underflight reference data were classi-
fied and accepted, the appropriate statistics deck was used to
cla
ssi
fy
the
app
rop
ria
te
cou
nty
whe
re
no
und
erf
lig
ht
ref
ere
nce
data existed.
9) Step 6 of the procedure was then followed and the results
archived.
Pilot Study
Du
ri
ng
th
e
in
it
ia
l
ph
as
e
of
the
pr
oj
ec
t
a
pi
lo
t
st
ud
y
wa
s
co
nd
uc
te
d
to
de
te
rm
in
e
if
th
e
pr
op
os
ed
la
nd
us
e
ca
te
go
ri
es
co
ul
d
be
ro
ut
in
el
y
id
en
-
ti
fi
ed
,
to
te
st
th
e
pr
op
os
ed
an
al
ys
is
te
ch
ni
qu
es
,
an
d
to
ev
al
ua
te
th
e
pe
rf
or
ma
nc
e
of
th
e
pr
op
os
ed
cl
as
si
fi
ca
ti
on
sc
he
me
.
Ta
bl
e
8
li
st
s
th
e
fi
ft
ee
n
co
un
ti
es
ch
os
en
fo
r
th
e
pi
lo
t
st
ud
y.
Th
e
pi
lo
t
co
un
ti
es
we
re
se
le
ct
ed
to
re
pr
es
en
t
di
ve
rs
e
la
nd
us
e
ca
te
go
ri
es
an
d
mi
xt
ur
es
of
ca
te
-
go
ri
es
di
st
ri
bu
te
d
th
ro
ug
ho
ut
th
e
wa
te
rs
he
d.
Du
ri
ng
th
e
pl
an
ni
ng
of
th
e
pi
lo
t
st
ud
y,
it
wa
s
pr
op
os
ed
th
at
ea
ch
co
un
ty
be
cl
as
si
fi
ed
ut
il
iz
in
g
al
l
th
e
da
ta
po
in
ts
to
al
lo
w
fo
r
ma
xi
mu
m
re
so
lu
ti
on
.
Th
us
,
ea
ch
po
in
t
cl
as
-
si
fi
ed
re
pr
es
en
te
d
ap
pr
ox
im
at
el
y
0.
6
he
ct
ar
es
(1
.5
ac
re
s)
.
In
ea
ch
co
un
ty
a
bl
oc
k
of
ap
pr
ox
im
at
el
y
64
he
ct
ar
es
(1
/4
se
ct
io
n)
wa
s
ra
nd
om
ly
se
le
ct
ed
fr
om
ea
ch
to
wn
sh
ip
.
Th
es
e
ar
ea
s
we
re
to
be
us
ed
to
ch
ec
k
th
e
pe
rf
or
ma
nc
e
of
th
e
cl
as
si
fi
ca
ti
on
sc
he
me
.
As
an
ex
am
pl
e
Fi
gu
re
15
il
lu
st
ra
te
s
th
e
1/
4
se
ct
io
ns
se
le
ct
ed
fo
r
Gr
ee
n
La
ke
Co
un
ty
,
Wi
sc
on
si
n.
A
ma
p
of
ea
ch
co
un
ty
ma
rk
ed
wi
th
th
e
ap
pr
op
ri
at
el
y
se
le
ct
ed
1/
4
se
ct
io
ns
wa
s
se
nt
to
Un
it
ed
St
at
es
De
pa
rt
me
nt
of
Ag
ri
cu
lt
ur
e/
So
il
Co
ns
er
va
ti
on
Se
rv
ic
e
re
pr
es
en
ta
ti
ve
s
in
th
e
re
sp
ec
ti
ve
co
un
ti
es
fo
r
a
fi
el
d
su
rv
ey
of
th
e
de
si
g-
na
te
d
ar
ea
s.
Th
is
ma
p
wa
s
ac
co
mp
an
ie
d
by
th
e
re
po
rt
in
g
fo
rm
sh
ow
n
in
Fi
g-
ur
e
16
,
an
in
st
ru
ct
io
n
sh
ee
t
(F
ig
ur
e
17
),
an
d
a
de
fi
ni
ti
on
of
cl
as
se
s
(Table 9).
Wh
il
e
th
e
fi
el
d
da
ta
we
re
be
in
g
co
ll
ec
te
d,
th
e
pi
lo
t
co
un
ti
es
we
re
in
de
pe
nd
en
tl
y
cl
as
si
fi
ed
at
th
e
LA
RS
fa
ci
li
ty
.
Af
te
r
cl
as
si
fi
ca
ti
on
,
th
e
1/
4
se
ct
io
ns
we
re
lo
ca
te
d
on
a
cl
as
si
fi
ca
ti
on
pr
in
to
ut
of
ea
ch
co
un
ty
.
Di
ff
ic
ul
ty
wa
s
en
co
un
te
re
d
in
pr
ec
is
el
y
lo
ca
ti
ng
th
e
1/
4
se
ct
io
ns
on
th
e
pr
in
to
ut
s
si
nc
e
di
st
in
gu
is
hi
ng
la
nd
ma
rk
s
co
ul
d
no
t
be
ea
si
ly
lo
ca
te
d
wi
th
in
th
e
cl
as
si
fi
ca
ti
on
.
In
th
is
st
ud
y
th
e
ev
al
ua
ti
on
of
cl
as
si
fi
ca
ti
on
pe
rf
or
-
ma
nc
e
wa
s
gr
ea
tl
y
de
pe
nd
en
t
up
on
th
e
an
al
ys
ts
'
ab
il
it
y
to
lo
ca
te
pr
ec
is
el
y
th
e
g
r
o
un
d
o
b
s
e
r
v
a
t
i
o
n
p
o
i
n
t
s
(a
n
a
r
r
a
y
of
po
in
ts
10
li
ne
s
x
10
co
lu
mn
s)
on
th
e
cl
as
si
fi
ca
ti
on
ou
tp
ut
.
If
lo
ca
ti
on
of
th
e
1/
4
se
ct
io
n
wa
s
of
f
by
on
ly
on
e
li
ne
or
on
e
co
lu
mn
,
an
er
ro
r
of
10
%
wa
s
im
me
di
at
el
y
in
tr
od
uc
ed
.
If
it
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Table 8
COUNTIES INCLUDED IN PILOT STUDY
 
Indiana
Elkhart
LaGrange
Michigan
Cass
Lake
Luce
Newaygo
Ottawa
St. Joseph
Wexford
W
Green Lake
Outagamie
Winnebago
Flew
Cayuga
Oswego
wayne
wer
e o
ff
by
one
lin
e a
nd
one
col
umn
,
the
re
wou
ld
be
an
err
or
of
20%
.
It
was
dec
ide
d
tha
t
ind
ivi
dua
l
1/4
sec
tio
ns
cou
ld
not
be
loc
ate
d w
ith
suf
fi-
cie
nt
pre
cis
ion
and
,
thu
s,
not
pro
per
ly
eva
lua
ted
.
How
eve
r,
it
was
de—
cid
ed
to
agg
reg
ate
the
fie
ld
inf
orm
ati
on
and
eva
lua
te
the
cla
ssi
fic
ati
on
performance on a county basis.
Bec
aus
e o
f t
he
lat
e s
pri
ng
tha
w a
nd
oth
er
del
ays
the
fie
ld
res
ult
s
for
som
e o
f t
he
fif
tee
n p
ilo
t c
oun
tie
s w
ere
not
rec
eiv
ed
in
tim
e t
o a
llo
w
a c
omp
let
e e
val
uat
ion
of
the
cla
ssi
fic
ati
on
res
ult
s.
Som
e c
las
sif
ica
tio
n
resu
lts
were
spot
chec
ked
in t
he f
ield
by o
ffic
ials
in a
few
coun
ties
.
They reported that the results seemed reasonable.
An
ana
lys
is
of
var
ian
ce
was
per
for
med
for
tho
se
cou
nti
es
for
whi
ch
fiel
d da
ta w
ere
rece
ived
.
Resu
lts
indi
cate
d th
at i
n th
ose
coun
ties
wher
e
trai
ning
sets
were
sele
cted
ther
e wa
s no
sign
ific
ant
diff
eren
ce
(95%
conf
i-
denc
e le
vel)
betw
een
the
land
use
clas
sifi
cati
on b
y co
mput
er—a
ided
anal
ysis
of satellite data and the land use classification by field observation.
For
cou
nti
es
whi
ch
wer
e c
las
sif
ied
wit
h s
pec
tra
l t
rai
nin
g s
ets
sel
ect
ed
from
adja
cent
coun
ties
ther
e we
re s
ome
land
use
clas
ses
wher
e a
sign
ific
ant
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FIGURE 15
Location of 1/4
Sections, Green
Lake Co., Wisconsin.
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FIGURE 10
SAMPLE AREA REPORT FORM
Great Lakes Land Use Inventory Project
  
County State
1/4 sec. - Twp.
ESTIMATED ACREAGE
(l97__Growing Season)
Sample - Range
RESIDENTIAL
COMMERCIAL
TRANSPORTATION (Only dual lane hwys)
EXTRACTIVE (Gravel pits and quarries)
ROW CROPS
CLOSE GROWN CROPS
PASTURE AND MEADOWS
ORCHARDS AND VINEYARDS
FOREST
WATER
WETLANDS
BARREN LANDS (Sand dunes, bare rock)
OTHER
TOTAL ACREAGE (Should be 160)
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 FIGURE 17
SAMPLE AREA REPORT FORM INSTRUCTIONS
Great Lakes Land Use Inventory Project
The Laboratory for Applications of Remote Sensing (LARS)
at
Pur
due
Uni
ver
sit
y i
s c
urr
ent
ly
pre
par
ing
a l
and
use
inv
en-
tory of each of the nearly 200 counties in the Great Lakes
Wat
ers
hed
.
Thi
s i
nfo
rma
tio
n i
s b
ein
g g
ath
ere
d p
ers
uan
t t
o
the
Gre
at
Lak
es
Wat
er
Qua
lit
y A
gre
eme
nt
of
197
2 s
ign
ed
by
the
United States and Canada.
In order to complete this job in a relatively short pe-
rio
d o
f t
ime,
we
are
usi
ng
dat
a f
rom
the
Ear
th
Res
our
ce
Tec
h-
nology Satellite (ERTS-l) and analyzing it with a computer.
We
hav
e s
ele
cte
d 1
5 c
oun
tie
s i
n t
he
wat
ers
hed
on
whi
ch
to
tes
t t
he
acc
ura
cy
of
our
res
ult
s.
You
r c
oun
ty
has
jus
t
been selected to help us with this task.
The procedure is somewhat similar to the Conservation
Nee
ds
Inv
ent
ory
in
whi
ch
you
may
hav
e p
art
ici
pat
ed
a f
ew
yea
rs
ago
.
The
re
are
abo
ut
15
sam
ple
are
as
of
160
acr
es
eac
h t
hat
hav
e b
een
ran
dom
ly
sel
ect
ed
thr
oug
hou
t y
our
cou
nty
.
The
acc
om—
pan
yin
g m
ap
sho
ws
the
loc
ati
on
and
num
ber
des
ign
ati
on
of
eac
h
of
the
se
sam
ple
s.
We
nee
d
to
kno
w
the
num
ber
of
acr
es
of
eac
h
lan
d u
se
(as
it
was
dur
ing
the
l97
_.g
row
ing
sea
son
)
tha
t i
s
wit
hin
eac
h
sam
ple
are
a.
The
lan
d
use
acr
eag
e
sho
uld
be
ent
ere
d
on
the
app
rop
ria
te
lin
e o
f t
he
Sam
ple
Are
a R
epo
rt
For
m u
nde
r t
he
hea
din
g o
f e
sti
mat
ed
acr
eag
e.
We
wou
ld
als
o l
ike
a r
oug
h s
ket
ch
of
eac
h c
las
s i
n t
he
lar
ge
squ
are
at
the
bot
tom
of
the
form
.
A
sam
ple
for
m a
nd
cla
ss
def
ini
tio
ns
are
inc
lud
ed
for
you
r g
uid
e.
Ple
ase
use
the
con
ven
tio
nal
con
ser
vat
ion
pla
nni
ng
sym
bol
s a
s
necessary for clarity.
It
is
ent
ire
ly
pos
sib
le
tha
t
you
may
hav
e a
n a
rea
of
lan
d“
use
for
whi
ch
the
re
is
no
app
rop
ria
te
cla
ss
on
the
Sam
ple
Are
a
Rep
ort
For
m.
Sho
uld
you
hav
e s
uch
ana
rea
, p
lea
se
est
ima
te
the
acr
eag
e
and
bri
efl
y
des
cri
be
it
on
the
las
t
lin
e
of
the
for
m
(line 13).
Whe
n y
ou
hav
e m
eas
ure
d
all
the
sam
ple
are
as
and
fil
led
out
all
the
Sam
ple
Are
a R
epo
rt
For
ms,
ple
ase
ret
urn
the
m
to
LAR
S.
We
wou
ld
lik
e
to
hav
e
all
the
inf
orm
ati
on
ret
urn
ed
to
us
by
March 29, 1974.
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TABLE 9
CLASS DEFINITIONS
Residential - any area of 3 or more dwellings/acre on at least 3
acres or a minimum of 9 dwellings in each 3 acre tract. However,
strip developments along highways that do not meet these minimum
requirements should still be classified as residential.
Commercial - any area where large buildings are relatively closely
spaced. Also include attendant parking areas or other hard surfaces,
stone driveways, roads, etc. in the commercial class. Area should be
3 acres or more in size. Please indicate the kind of surface material
on large parking lots - such as asphalt, crushed stone, gravel, etc.
Transportation — show location of dual lane highways only.
Extractive - any area of extractive activity (active or abandoned)
that is 3 acres or larger. Such areas as gravel pits, sand pits, clay
pits, rock quarries and borrow pits are examples of this class.
Row Crops - any area of cropland that has cultivated rows of plants
such as corn, soybeans, grain sorghum, etc.
Close Grown Crops - any area of cropland in which the plants are
grown in such a way that it is impossible to mechanically cultivate
between rows. Such crops are oats, wheat, rye, barley, etc.
Pasture and Meadow - any area of more or less perennial grassland
includes permanent pasture, hayland and areas of green manure crops.
Orchards and Vineyards - any area of which the primary use is or-
chard or vineyards.
 
Forest - any area which has at least 40 percent crown cover. This
class includes area of brush that meets the 40 percent crown cover
requirement. It is not necessary that there be merchantable timber
to call it forest. Wboded grazing land that meets the 40 percent
crown cover should be classed as forest.
Water - any area of open water such as lakes, ponds, water filled
pits, creeks, rivers, ditches, canals, etc.
Wetlands - any area of water that has vegetation over 90 percent
of the surface area. Wetlands may dry up during extended dry
spells but generally they are wet enough that they cannot be
farmed. Swamps and marshes are examples of this class.
Barren Lands — any area of sand dunes or bare rock that has only
sparse or no vegetation growing on it.
Other - any area of 3 acres or more that does not fit into one of
the above classes. Please briefly describe this class on the
sample Area Report Form, i. e., parks, golf courses, etc.
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 diff
eren
ce
(95%
conf
iden
ce l
evel
) e
xist
ed b
etwe
en t
he s
pect
ral
clas
sifi
ca—
tion
and
the
clas
sifi
cati
on b
y fi
eld
obse
rvat
ion.
Howe
ver,
this
diff
eren
ce
was
not
con
sid
ere
d s
uff
ici
ent
to
ren
der
the
cla
ssi
fic
ati
on
res
ult
s u
nac
cep
t-
able.
Classification difficulties occurred because of spectral similarities
between (1) residential and forest, (2) residential and pasture/meadow,
(3) commercial/industrial and light colored bare soils. These difficulties
exis
ted
in a
ll d
ata
sets
, an
d no
succ
essf
ul m
etho
d em
ploy
ing
sing
le d
ate
data was developed to provide satisfactory separability. Spectral separa-
bility between these classes can be improved by using appropriate multiple-
date
, mu
lti-
band
data
sets
; ho
weve
r,
this
tech
niqu
e wa
s no
t wi
thin
the
scope of this project.
In addition to these problems, minor difficulties occurred in areas
covered by light scattered clouds. Thin cirrus clouds often were classi-
fied as urban (commercial/industrial) regardless of the ground cover
because the cloud cover was the dominating feature. Likewise cloud shadows
some
time
s we
re c
lass
ifie
d as
wate
r.
Howe
ver,
the
occu
rren
ce o
f th
ese
dif-
ficulties was limited.
A study was also conducted to determine if training statistics gener-
ated
on o
ne c
ount
y co
uld
be e
xten
ded
into
an a
djoi
ning
coun
ty o
r ne
ares
t
neighbor county. The results of this effort indicated that the classifi-
cation performance tended to decrease slightly as the training statistics
were applied to areas other than where they were generated. However, this
decrease was generally not more than 5-10% if the extension of the statis-
tics was limited to 90 to 100 kilometers (50-60 miles). The decrease
occurred regardless of the direction of extension but appeared to be more
pronounced in the N-S than E-W direction. No definite explanation of the
decrease in performance can be given except for the fact that much of the
LANDSAT data were collected in early June and climatic effects may have
been affecting the relative responses in many areas. Also, undoubtedly,
the Great Lakes were influencing the climate and thus the vegetative char-
acteristics of the area.
Since the LARS land use statistics of the pilot counties were judged
to be acceptable, it was concluded that the analysis procedures were ade-
quate to produce the desired results. The results of the pilot study also ‘
indicate that all of the land use categories listed in TablelO were not
spectrally separable in the majority of the data and some of the categories
could not be routinely identifiedbecause of insufficient underflight ref-
erence data. Table 11 lists the categories which could be routinely iden-
tified and inventoried taking into consideration the variability in dates
of data collection and the limited amount of underflight reference data
available.
 TABLE 10
PROPOSED LAND USE CLASSIFICATION CATEGORIES
Level I Level II Level III
1. Urban-
Commercial-
Industrial
a. Residential (1) Man-made hard surfaces
less than 10% of area
(low density)
(2) Man-made hard surfaces
10-25% of area (medium
density)
(3) Man-made hard surfaces
over 25% of area (high
density)
b. Commercial and
Industrial (1) Man-made hard surfaces
less than 10% of area
(low density)
(2) Man-made hard surfaces
10-25% of area (medium
density)
(3) Man—made hard surfaces
over 25% of area (high
density)
c. Transportation
Extractive
2. Agriculture
a. Row crops
b. Close grown crops
c. Pastures and meadows
d. Orchards and vineyards
3. Forest
4. No Major Usel/
a. Water
b. Wetland
c. Barren land
l/The residual inland area not devoted to urban, agricultural or forest use.
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TABLE 11
FINAL LAND USE CLASSIFICATION CATEGORIES
 
Level I Level II
Urban
Residential
Commercial/Industrial
Agricultural
Row Crops
Close Grown Crops
Pasture
Forest
1/ Forest
No Major Use-
Water
Wetland
l/The residual inland area not devoted to urban, agricultural or forest use.
Classification Variations
Throughout the project the urban land use category was generally clas-
sified into two Level II classes, i.e., residential and commercial/indus—
trial. Level II transportation and extractive classes as well as the
Level III residential and commercial/industrial classes were not included
in the inventory because they could not be routinely identified due to
insufficient underflight reference data. However, this is not to imply
that transportation routes, extractive areas, and a division of residential
and commercial/industrial areas cannot be identified. With sufficient and
appropriate reference data these categories can be readily identified.
In some counties only the Level I urban categorywas classified with
no distinction being made between the residential and commercial/industrial
categories. The Level II results of these counties are reported only as
residential. In a few predominantly rural counties insufficient under-
flight reference data were available to train properly the computer to
identify any urban class. In these instances only the remaining classes
of agriculture, forestry and no major use were classified. However, the
tabulation of statistics includesan urban/residential category.
The urban statistics used in these tables were taken from the appro-
priate 1967 Conservation Needs Inventory. The areas included in these
artificial classes were subtracted from the forest area of the respective
counties. This is justifiable since most small towns are spectrally sim-
ilar to forest areas. The maps of these counties do not include an urban
category.
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TABLE 12
COLOR CODE FOR COUNTY MAPS
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5 p
erc
ent
of
its
lan
d
area in urban, commercial, or industrial uses.
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 Plan Area 4 (Lake Erie) is the leading agricultural area with 62.7
perc
ent
of i
ts t
otal
land
area
in a
gric
ultu
ral
use.
Plan
ning
Suba
rea
4.2
leads all planning subareas with 81.6 percent of its land area in agri—
cultural use. It is also the leading row-crop subarea, with 64 percent
of i
ts a
gric
ultu
ral
land
in r
ow c
rop
use,
cont
rast
ed w
ith
36 p
erce
nt i
n
the remainder of the Basin.
Planning Area 1 (Lake Superior) ranks first in the amount of land in
forests, with 78.4 percent of its land area so used, while it ranks last
in the amount of urban or agricultural lands. Plan Area 4 (Lake Erie)
first in agricultural and urban acres, ranks last in forest area with
22.4 percent of its land area so used.
Detailed statistics are found in Table 13-
SUMMARY AND CONCLUSIONS
Land Use Inventory by Remote Sensing
The expanding human populationand man's insatiable appetite for the
finite supplies of earth resources have created a critical need for inven-
tory
ing
and
moni
tori
ng b
oth
the
rene
wabl
e an
d no
n-re
newa
ble
reso
urce
s of
our
plan
et.
A ne
w an
d ra
pidl
y de
velo
ping
tech
nolo
gy f
or a
glob
al-i
nfor
ma-
tion
-sys
tem
prov
ides
man
an o
ppor
tuni
ty t
o as
sess
, o
bser
ve,
eval
uate
, a
nd
moni
tor
his
envi
ronm
ent
in a
time
span
and
with
inst
rume
nts
neve
r be
fore
available.
The needs of the International Joint Commission and the Environmental
Protection Agency for a land use inventory to study sources of pollution
in t
he G
reat
Lake
s ca
me a
t an
ausp
icio
us t
ime.
The
resu
lts
from
comp
uter
-
aide
d an
alys
is o
f mu
ltis
pect
ral
scan
ner
data
from
LAND
SAT-
l,
laun
ched
on
Jul
y 2
3,
1972
, s
ugg
est
ed
tha
t s
ate
lli
te
ima
ger
y c
oul
d b
e u
sed
for
rap
id
preparation of land use inventories of large areas.
This project may have been the first large scale use of computer-
aided analysis of LANDSAT-l MSS data. LANDSAT data from some of the
earliest passes over the Great Lakes area were analyzed in the study.
At t
he t
ime
the
stud
y wa
s i
niti
ated
and
cond
ucte
d,
ther
ewas
a li
mite
d
amount of cloud-free LANDSAT data for the Great Lakes Watershed. In fact,
for some counties in the Watershed, no cloud-free, good quality MSS data
were available even after twenty cyclesof satellite passes. The project
provided the first opportunity to analyze a large volume of satellite
data using the LARSYS computer software system which had been under
development and refinement for more than eight years.
Sinc
e on
e of
the
obje
ctiv
es o
f th
e pr
ojec
t wa
s to
achi
eve
the
land
use inventory goal at the least expenditure possible, the minimum amount
of MSS data, computer time and underflight reference data was used.
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20
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That is, only every other line and column (or 25%) of the digital data
were
anal
yzed
. A
lso,
the
data
from
only
one
sate
llit
e pa
ss o
r da
te w
ere
examined for each county.
It was under these conditions that the project was carried to com-
pletion. In many ways this project stands as a milestone in the develop-
ment and application of remote sensing technology.
Advances in Technology
 
Although no new technological advances became available in the data
acquisition subsystems during the project period, a number of advances
OCCurred in the LARSYS software system. One of the primary objectives
at LARS is to advance the technology of data handling and analysis. Some
of the most recent improvements include the following:
a) Capability to locate, classify and map areas delineated by
irregular boundaries.
b) Capability to overlay multiple sets and sources of data.
c) Development of a technique to extract and classify homogeneous
objects from a given data set.
d) Development of a decision-tree classifier to more efficiently and
accurately classify a data set.
Future Information Systems
Improvements in three areas provide great promise for the future
applications of remote sensing information systems in inventorying and
monitoring earth resources:
a) Man's increasing knowledge and understanding of the multispectral
properties of earth surface features under a broad array of var-
iable situations, including seasons, atmospheric conditions and
geographical setting.
b) Advances in data acquisition subsystems which will provide greater
spatial resolution, more frequent coverage, and a broader range
of multispectral measurements.
c) Improvements in data handling and analysis subsystems which will
offer at less cost per unit of data more timely distribution of
data, instantaneous retrieval of data in mass storage, rapid and
easy overlay of data from different satellite passes and other
sources for the same location, better interactive capabilities
between the analyst and the data, and better classification
results.
Conclusions
Several conclusions may be drawn from this study:
1. Level I and Level II (as defined in this report) land use categories
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SPECIALIZED LAND USES
Eight specialized land use categories are explored in this study.
They
are as follows: (1) liquid waste disposalareas, (2) solid waste disposal
areas, (3) dredge spoil disposal, (4) deepwell disposal, (5) lakeshore and
riverbank erosion, (6) intensive livestock operations, (7) high-density,
nonsewered residential areas, and (8) recreational lands.
These eight categories cover the more significant nonpoint sources of
pollution from land use activities affecting water quality of the Great Lakes.
DISPOSAL OPERATIONS
Four disposal operations have been identified in this section. They are
liquid waste, solid waste, dredge spoil, and deepwell disposal. Liquid waste
disposal sites include sanitary landfills, modified landfills, open dumps, and
disposal sites for construction debris. Dredging is defined as the process of
removing bottom materials from under water and their subsequent disposal. Both
nearshore and open water dumping are important, because lake currents can result
in nearshore contamination from open water dumping. Deepwell disposal operations
involve the injection underground of liquid wastes. Originally used for oil
field brines, in the past 30 years there has been an increasing number of other
types of wastes injected by deepwell disposal.
Liquid Waste Disposal
 
Land disposal of liquid waste has been used for some time as an alternative
method for disposing of municipal and industrial effluents. This is accomplished
by using the soils to filter the wastewaters and sludges applied to it.
Depending on the composition of wastes, site characteristics, and other
factors, land application methods may differ. The four primary tYPES‘Of liquid
waste disposal utilize either lagoon storage, spray irrigation, septic tank
and tile fields, or direct application to the surface of the ground. All four
types of discharge require soils with at least moderate permeability.
Lagoon—
ing of wastes is usually employed where large volumes must be disposed of
and has the limitation that during the storage of wastes in lagoons, odors and
other nuisances can result. Liquid waste can also be used for spray irrigation
in agricultural or Silvicultural operations, a process which provides crop
nutrients.
Where there are moderate amounts of waste to be discharged, septic
tanks, in conjunction with tile fields, are most often utilized.
Impacts on water quality will vary according to site characteristics.
Potential pollutants are heavy metals, nitrogen (organic nitrogen, nitrate,
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TABLE 16 Average Annual Volume of Dredge Spoil Disposal (1961—1970)6
Polluted Sediments
 
Number Average Annual Dredging Requiring Confinement
of Sites Cu. Meters Cu. Yards Cu. Meters Cu. Yards
Great Lakes Basin 100 6,282,821 8,219,332 4,844,300 6,338,494
Lake Superior 25 798,673 1,044,017 181,215 236,883
Lake Michigan 37 1,133,260 1,481,380 685,790 896,473
Lake Huron 11 393,475 514,683 234,172 306,308
Lake Erie 21 3,679,612 4,815,638 3,488,258 4,565,236
Lake Ontario 6 277,801 363,614 254,865 333,594
partially due to the low costs and simple operation of landfills. Other
acceptable methods of solid waste disposal (i.e., incineration, composting,
shredding) have been used to a lesser extent primarily because of economic
factors. It should bepointed out, however, that the impact of energy short—
ages may decrease the need for dumps and landfills. Use of solid wastes as
heat sources for energy generation may become increasingly important in the
future.
Dredge Spoil Disposal
 
Dredging is the process of excavating bottom material from under water and
disposing of it in suitable areas to insure that harbors will have sufficent
width and depth for commercial and recreational boating. This removal includes
the soft sediments and/or the hard bottoms of limestone and compacted clays.
Due to population and industrial development in the Basin, some of the
sediment that is removed bydredging activities has been polluted by munici-
pal, industrial, and agricultural activities. Potential pollutants that are
common to the affected sediments include nitrates, phosphates, organic matter,
pH, alkalinity, cholrides, iron, oil and grease, mercury, lead, and zinc. Fed-
eral legislation concerned with polluted dredge spoil was enacted in 1970 (P.L.
29-611). Section 123 of this law specifically deals with requirements for
confined disposal areas and restrictions on open—lake disposal of polluted
dredge spoil. However, most dredge spoil material excavated in the Basin
continues to be disposed of in open~lake areas. As of July 1974, only 55 of
100 dredging operations were in the confined disposal site program.
In considering the future outlook for dredging activities, it is unlikely
that any major work will be done in the Basin in the near future unless larger
locks are constructed. If this occurs, larger ships will be utilizing the
facilities and there will be a demand for deeper and wider harbors. Because
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o
r
m
a
t
i
o
n
i
s
b
o
u
n
d
e
d
b
o
t
h
a
b
o
v
e
a
n
d
b
e
l
o
w
b
y
f
o
r
m
a
t
i
o
n
s
o
f
l
o
w
v
e
r
t
i
c
a
l
p
e
r
m
e
a
b
i
l
i
t
y
.
E
v
e
n
w
i
t
h
s
u
c
h
p
r
e
c
a
u
t
i
o
n
s
,
,
u
p
w
a
r
d
f
l
o
w
c
a
n
o
c
c
u
r
i
f
h
i
g
h
i
n
j
e
c
t
i
o
n
p
r
e
s
s
u
r
e
s
a
r
e
u
s
e
d
a
n
d
h
y
d
r
o
f
r
a
c
t
u
r
i
n
g
h
a
s
occured.
I
n
g
e
n
e
r
a
l
,
t
h
e
s
t
a
t
e
s
i
n
t
h
e
B
a
s
i
n
d
i
s
c
o
u
r
a
g
e
t
h
e
u
s
e
o
f
d
e
e
p
w
e
l
l
d
i
s
-
p
o
s
a
l
.
C
o
n
t
r
o
l
m
e
a
s
u
r
e
s
v
a
r
y
f
r
o
m
p
r
o
h
i
b
i
t
i
o
n
o
f
a
n
y
s
u
b
s
u
r
f
a
c
e
i
n
j
e
c
t
i
o
n
(
W
i
s
c
o
n
s
i
n
)
t
o
a
p
e
r
m
i
t
s
y
s
t
e
m
(
M
i
c
h
i
g
a
n
)
.
EROSION
Er
os
io
n
al
on
g
th
e
la
nd
—w
at
er
in
te
rf
ac
e
oc
cu
rs
in
tw
o
pa
rt
ic
ul
ar
ar
ea
s,
la
ke
sh
or
e
an
d
ri
ve
rb
an
k
zo
ne
s.
On
on
e
ha
nd
,
la
ke
sh
or
e
er
os
io
n
co
nt
ri
bu
te
s
si
za
bl
e
am
ou
nt
s
of
se
di
me
nt
in
to
th
e
ne
ar
sh
or
e
ar
ea
.
Ho
we
ve
r,
mo
st
of
th
is
se
di
me
nt
do
es
no
t
co
nt
ai
n
nu
tr
ie
nt
s
or
pe
st
ic
id
e
ma
te
ri
al
s,
an
d
th
er
ef
or
e
it
s
ma
jo
r
ef
fe
ct
on
su
rf
ac
e
wa
te
rs
is
in
in
cr
ea
si
ng
ne
ar
sh
or
e
tu
rb
id
it
y
an
d
sm
ot
he
ri
ng
of
be
nt
hi
c
bi
ot
a.
Ri
ve
rb
an
k
er
os
io
n,
on
th
e
ot
he
r
ha
nd
,
co
nt
ri
b—
ut
es
si
za
bl
e
am
ou
nt
s
of
nu
tr
ie
nt
an
d
pe
st
ic
id
e
ma
te
ri
al
s
fr
om
su
rr
ou
nd
in
g
la
nd
s
ca
pt
ur
ed
in
th
e
se
di
me
nt
.
In
ba
la
nc
e,
ri
ve
rb
an
k
er
os
io
n
ma
y
ha
ve
si
gn
if
ic
an
tl
y
gr
ea
te
r
im
pa
ct
s
up
on
wa
te
r
qu
al
it
y
in
th
e
Gr
ea
t
La
ke
s
th
an
lakeshore erosion.
Ot
he
r
ty
pe
s
of
er
os
io
n
in
cl
ud
e
sh
ee
t,
ri
ll
,
an
d
sm
al
l
gu
ll
y
er
os
io
n
wh
ic
h
oc
cu
r
on
up
la
nd
ar
ea
s.
Se
di
me
nt
,
pl
an
t
nu
tr
ie
nt
s,
an
d
pe
st
ic
id
e
ma
t-
er
ia
ls
ar
e
tr
an
sp
or
te
d
to
st
re
am
s,
in
la
nd
la
ke
s,
an
d
th
e
Gr
ea
t
La
ke
s
as
a
re
su
lt
of
th
es
e
fo
rm
s
of
er
os
io
n.
Lakeshore Erosion
Th
re
e
pr
im
ar
y
fa
ct
or
s
co
nt
ro
l
th
e
am
ou
nt
of
er
os
io
n
on
th
e
Gr
ea
t
La
ke
s'
sh
or
el
in
es
.
Th
e
fi
rs
t
is
th
e
ph
ys
ic
al
na
tu
re
of
th
e
sh
or
el
in
e.
Ta
bl
e
18
gi
ve
s
de
ta
il
ed
in
fo
rm
at
io
n
of
th
e
ma
jo
r
sh
or
e
ty
pe
s
an
d
th
is
da
ta
is
al
so
shown graphically on Figure 19.
A s
eco
nd
fac
tor
con
tri
but
ing
to
sho
rel
ine
ero
sio
n i
s t
he
com
bin
ati
on
of
lak
e l
eve
ls
and
sto
rm
int
ens
ity
and
fre
que
ncy
.
As
a r
ule
, t
he
hig
her
the
lak
e
lev
el
and
the
mor
e f
req
uen
t a
nd
int
ens
e t
he
sto
rms
, t
he
gre
ate
r t
he
ero
siv
e
for
ce
and
the
mor
e r
api
dly
lak
esh
ore
ero
sio
n a
nd
rec
ess
ion
wil
l o
ccu
r.
At
pre
sen
t t
he
Gre
at
Lak
es
are
exp
eri
enc
ing
unu
sua
lly
hig
h l
ake
lev
els
and
con
—
sequently the erosion of shorelines is greater than normal.
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Gr
ea
t
La
ke
s
Sh
or
e
Ty
pe
(in
mi
le
s)
7
 
Great Lakes Lake Lake Lake Lake Lake
Typ
e o
f S
hor
e
Bas
in
Sup
eri
or
Mic
hig
an
Hur
on
Eri
e
Ont
ari
o
Art
ifi
cia
l f
ill
are
a
183
.7
6.1
67.
4
3.1
98.
9
14.
4
Ero
dib
le
hig
h b
luf
f
554
59.
5
273
.6
34.
7
146
.4
39.
8
Non
ero
dib
le
hig
h b
luf
f
289
.1
225
.2
46.
9
0
2.0
15.
0
Ero
dib
le
low
blu
ff
634
257
.0
118
.9
69.
0
86.
6
102
.5
Non
ero
dib
le
low
blu
ff
371
.4
170
.1
24.
7
64.
0
6.1
106
.5
Hig
h s
and
dun
e
143
.6
4.0
139
.6
0
0
0
Low
san
d d
une
181
.8
77.
6
73.
4
18.
4
12.
4
0
Ero
dib
le
low
pla
in
623
61.
7
287
.5
195
.4
63.
3
15.
1
Non
ero
dib
le
low
pla
in
243
.6
23.
4
173
.5
45.
4
1.3
O
Wet
lan
ds
419
.9
27.
4
94.
5
226
.2
36.
5
35.
3
Wet
lan
ds/
ero
dib
le
pla
in
55.
3
0
51.
8
0
3.5
Wetlands/erodible low
blu
ff
10.
2
0
10.
2
0
0
To
ta
l
sh
or
e
mi
le
s
3,
71
5.
8
91
2.
0
1,
36
2.
0
65
6.
2
45
7.
0
32
8.
6
Kilometers (km) = Miles (mi) x 1.609
The
thir
d co
ntro
llin
g fa
ctor
is t
he v
arie
ty,
conc
entr
atio
n,
and
loca
tion
of s
hore
line
land
use.
Impr
oper
cons
truc
tion
meth
ods
and
loca
tion
and
inco
m-
pati
ble
shor
elin
e de
velo
pmen
t se
rve
only
to e
xace
rbat
e t
he n
atur
al
litt
oral
and shoreline processes.
Whi
le
the
re
is
a d
ear
th
of
inf
orm
ati
on
on
str
eam
ban
k e
ros
ion
, a
gre
at
deal
of r
esea
rch
and
anal
ysis
has
been
dire
cted
towa
rds
shor
elan
d er
osio
n
(Ta
ble
19).
How
eve
r,
mos
t o
f t
his
dat
a i
s b
ase
d o
n e
con
omi
c p
ara
met
ers
.
Ver
y
lit
tle
res
ear
ch
has
bee
n c
ond
uct
ed
on
mea
sur
ing
vol
ume
tri
c e
ros
ion
rat
es,
whi
ch
are
nec
ess
ary
to
ass
ess
the
imp
act
of
sho
rel
ine
ero
sio
n o
n w
ate
r q
ual
ity
.
Bas
ed
on
dat
a f
rom
a s
urv
ey
of
sho
re
typ
es
thr
oug
h g
eog
rap
hic
and
geo
log
ica
l o
bse
rva
tio
ns,
it
was
det
erm
ine
d t
hat
the
non
ero
dib
le
coa
stl
ine
enc
omp
ass
ed
24.
3 p
erc
ent
, o
r 1
,45
5.6
kil
ome
ter
s (
904
mil
es)
of
the
tot
al
sho
rel
and
are
a.7
Ero
dib
le
zon
es
exc
lud
ing
san
d d
une
s i
nco
rpo
rat
ed
66.
7
pe
rc
en
t,
or
3,
99
9.
9
ki
lo
me
te
rs
(2
,4
86
mi
le
s)
of
th
e
sh
or
el
an
d
ar
ea
.
‘Th
e
sa
nd
du
ne
s
ac
co
un
te
d
for
ab
ou
t
8.
7
pe
rc
en
t
or
52
3.
8
ki
lo
me
te
rs
(3
25
.4
mi
le
s)
,
of
the
sho
rel
and
are
a.
If
we
inc
lud
e s
and
dun
es
in
the
ero
dib
le
cat
ego
rie
s,
75
.6
pe
rc
en
t
of
Gr
ea
t
La
ke
s
sh
or
el
in
e
is
su
bj
ec
t
to
er
os
io
n.
Th
us
,
ou
t
of
th
e
5,
98
2.
4
ki
lo
me
te
rs
(3
,7
15
.8
mi
le
s)
of
sh
or
el
in
e,
4,
45
24
.0
ki
lo
me
te
rs
(2
,8
11
.7
mi
le
s)
is
su
bj
ec
t
to
so
me
fo
rm
of
er
os
io
n.
Th
e
es
ti
ma
te
of
er
od
ib
le
lo
w
pl
ai
n
ma
y
un
de
rs
ta
te
th
e
ac
tu
al
am
ou
nt
,
ba
se
d
on
co
mm
en
ts
re
ce
iv
ed
in
the review of this report.
Ac
co
rd
in
g
to
th
e
ec
on
om
ic
lo
ss
cr
it
er
ia
,
of
th
e
ex
is
ti
ng
5,
66
1.
6
ki
lo
me
te
rs
(3
,5
18
.7
mi
le
s)
of
sh
or
el
in
e
in
th
e
Ba
si
n
(no
t
in
cl
ud
in
g
St.
Ma
ry
s,
St.
Cl
ai
r,
De
tr
oi
t
or
Ni
ag
ar
a
Ri
ve
rs
),
47
pe
rc
en
t,
or
2,
68
0.
7
ki
lo
me
te
rs
(1
,6
66
mi
le
s)
is
no
t
su
bj
ec
t
to
fl
oo
di
ng
or
er
os
io
n,
wh
il
e
th
e
re
ma
in
in
g
53
pe
rc
en
t
is
su
bj
ec
t
to
ce
rt
ai
n
fo
rm
s
of
fl
oo
di
ng
an
d
er
os
io
n.
Cr
it
ic
al
er
os
io
n
af
fe
ct
s
69
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FIGURE
19
Distribution
of
Great
Lakes
Shore
Types7
7O
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e
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GR
EA
T
LA
KE
S
SH
OR
EL
IN
E
ER
OS
IO
N
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Existing mili7 of
shoreline ‘
Critical erosion areas
Nonctitical erosion
Protected shoreline
Shoreline subject to
flooding
Shoreline not subject to
flooding or erosion
Lake Sugerior
Shoreline Z of
km mi total
1,468 912 100
46.2 28.7 3.1
205.8 127.9 14
8.7 5.4 .5
18.9 11.8 1.2
1,188 738.2 80.9
Lake Michigan
Shoreline Z of
km mi total
2,192 1,362 100
210 130.1 9.5
736 457.4 33.5
261 162 11.8
226 140.7 10.3
759 471.8 34.6
Lake Huron
Shoreline Z of
km mi total
909.1 565 100
12.9 8 1.4
248.4 154.4 27.3
0 0 0
120.5 74.9 13.2
527.3 327.3 58
Existing miles of
shoreline -
Critical erosion areas
Noncritical erosion
Protected shoreline
Shoreline subject to
flooding
Shoreline not subject to
flooding or erosion
Lake Erie
Shoreline Z of
km mi total
 
627.7 390.1 100
33.1 20.6 5.2
137.2 85.3 21.9
246.3 153.1 39.2
100.7 62.6 16.1
110.2 68.5 17.6
Lake Ontario
Shoreline Z of
km mi total
465.9 289.6 100
27 16.8 5.8
271.9 169 58.3
41.2 25.6 8.8
29.6 18.4 6.3
96.2 59.8 20.6
Great Lakes Basin
Shoreline Z of
km m1 total
 
5661.6 3518.7 100
328.6 204.2 5.8
1599.3 994 28.2
556.9 346.1 9.8
496.2 308.4 8.8
2,680.6 1,666 47.3
1/
— Does not include St. Marys, St.
71
Cl
ai
r,
De
tr
oi
t
or
Ni
ag
ar
a
Ri
ve
r
Mi
le
ag
e
  
TAB
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Mic
hig
an
Hig
h R
isk
Sho
rel
ine
Ero
sio
n M
ile
age
8
Developed Undeveloped Total
Lak
e S
upe
rio
r
50.
1
109
159
.1
Lak
e M
ich
iga
n
383
.5
167
.7
551
.2
Lak
e H
uro
n
92.
8
8.9
101
.7
TOT
AL
526
.4
285
.6
812
.0
Ki
lo
me
te
rs
(k
m)
=
Mi
le
s
(m
i)
x
1.
60
9
5.8
per
cen
t o
f t
he
sho
rel
ine
,
or
328
.6
kil
ome
ter
s
(20
4.2
mil
es)
.
Sho
rel
ine
sub
jec
t t
o n
onc
rit
ica
l e
ros
ion
amo
unt
s t
o 2
8.2
per
cen
t o
f t
he
tot
al
or
1,5
99.
3
kil
ome
ter
s
(99
4 m
ile
s).
Bot
h o
f t
hes
e c
ate
gor
ies
of
ero
sio
n a
cco
unt
for
34.
4
per
cen
t o
f t
he
sho
rel
ine
in
the
Bas
in,
or
1,9
27.
9 k
ilo
met
ers
(1,
198
.2
mil
es)
.
Pro
tec
ted
sho
rel
ine
acc
oun
ts
for
9.8
per
cen
t o
f t
he
tot
al
and
enc
omp
ass
es
556
.9
kil
ome
ter
s
(34
6.1
mil
es)
.
Thi
s i
ncl
ude
s
are
as
pro
tec
ted
by
sea
wal
ls
of
dik
ing
sys
tem
s w
hic
h p
rev
ent
ero
sio
nfr
om
occ
urr
ing
.
Sho
rel
ine
s w
hic
h a
re
sub
jec
t t
o f
loo
din
g a
cco
unt
for
8.8
per
cen
t,
or
496
.2
kil
ome
ter
s
(30
8.4
miles) in the Basin.
It
mus
t
ber
eme
mbe
red
tha
t t
hes
e e
sti
mat
es
und
ers
tat
e t
he
amO
unt
of
geo
log
ica
l e
ros
ion
and
sed
ime
nta
tio
n o
ccu
rri
ng.
Bec
aus
e t
hey
are
bas
ed
on
ero
sio
n c
aus
ing
los
s o
f p
rop
ert
y (
e.g.
, b
uil
din
gs)
, t
her
e i
s n
ot
a d
ire
ct
cor
rel
ati
on
to
the
amo
unt
of
geo
log
ica
l e
ros
ion
occ
urr
ing
in
und
eve
lop
ed
are
as.
The
vas
t m
ajo
rit
y o
f s
hor
ela
nd
are
as
not
inc
lud
ed
in
the
cri
tic
al
eros
ion
cata
gori
es i
n th
e ag
greg
ate
may
acco
unt
for
more
of t
he s
edim
enta
tion
occu
rrin
g fr
om e
rosi
on t
han
what
come
s fr
om c
riti
call
y er
odib
le
zone
s as
defined by the economic loss criteria.
Rec
ent
ly,
one
stu
dy
has
est
ima
ted
the
ext
ent
of
geo
log
ic
ero
sio
n (
Tab
le
20).
In 1
973,
the
Stat
e of
Mich
igan
Wate
r De
velo
pmen
t S
ervi
ces
cond
ucte
d a
deta
iled
surv
ey o
f ge
olog
ic e
rosi
on o
f th
e Mi
chig
an s
hore
line
s (
incl
udin
g
Lakes Superior, Michigan, and HurOn). These data may give a more accurate
esti
mate
of t
he a
ctua
l er
osio
n ta
king
plac
e on
thos
e La
kes.
The
data
for
the
Mich
igan
port
ion
of t
he G
reat
Lake
s s
hore
line
s sh
ow t
hat
1,30
7 ki
lome
ters
(812
mile
s) a
re u
nder
goin
g hi
gh r
isk
eros
ion.
More
than
one-
thir
d of
this
dist
ance
was
in u
ndev
elop
ed
area
s (
whic
h we
re n
ot c
onsi
dere
d in
the
econ
omic
loss estimates).
Riverbank Erosion
Rive
rban
k er
osio
n ca
n be
caus
ed b
y di
rect
abra
sion
, u
nder
cutt
ing,
or
sloughing, or from a combination of these processes. It is a natural
geologic phenomenon by which valley development occurs as a result of
gradual widening. Existing flood plain and land along the valley sides
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TABLE 21 Total Length of Streambank Erosion on Great Lakes9
  
Supe
rior
Mich
igan
Huro
n
Erie
Onta
rio
Basi
n To
tal
km
mi
km
mi
km
mi
km.
mi
km
m1
km
m1
Moder
ate
1,544
959
4,264
2,650
1,742
1,083
3,277
2,037
2,059
1,280
12,88
6 8,
009
Sever
e
758
471
1,286
799 '
1,007
626
987
614
371
231
4,409
2,741
TOTAL
2,302
1,430
5,549
3,449
2,749
1,709
4,265
2,651
2.430
151
17,29
5 10,
750
are
los
t o
r a
lte
red
by
lat
era
l c
utt
ing
and
und
erm
ini
ng.
Ser
iOu
s d
ama
ges
can
als
o r
esu
lt
whe
n m
an'
s
act
ivi
tie
s a
cce
ler
ate
thi
s n
atu
ral
pro
ces
s.
In
add
iti
on
to
the
obv
iou
s l
oss
of
lan
d a
nd
nat
ura
l r
eso
urc
es,
agr
icu
l-
tur
al
and
urb
an
imp
rov
eme
nts
on
thi
s
lan
d
als
o
res
ult
in
add
iti
ona
l
sed
ime
nt,
nu
tr
ie
nt
s,
an
d
ot
he
r
co
nt
am
in
an
ts
en
te
ri
ng
th
e
wa
te
rs
.
The
eff
ect
s
of
riv
erb
ank
ero
sio
n o
n w
ate
r
qua
lit
y
are
par
tic
ula
rly
no
ti
ce
ab
le
in
ne
wl
y
de
ve
lo
pi
ng
ur
ba
n
ar
ea
s.
Ur
ba
n
de
ve
lo
pm
en
t
us
ua
ll
y
le
ad
s
to
in
cr
ea
si
ng
ru
no
ff
du
e
to
the
de
cl
in
e
in
pe
rm
ea
bl
e
Su
rf
ac
es
wh
ic
h
ca
n
ab
-
so
rb
st
or
m
wa
te
rs
.
In
cr
ea
se
d
ru
no
ff
ca
n
le
ad
to
gr
ea
te
r
ba
nk
cu
tt
in
g
an
d
sl
ou
gh
in
g.
Th
e
re
su
lt
in
g
se
di
me
nt
lo
ad
s
fr
om
er
od
in
g
ri
ve
rb
an
ks
in
ur
ba
n
en
vi
ro
nm
en
ts
ca
n
be
co
me
a
ma
jo
r
so
ur
ce
of
se
di
me
nt
in
wa
te
r.
Th
e
to
ta
l
le
ng
th
of
st
re
am
ba
nk
er
os
io
n
fo
r
ea
ch
of
the
la
ke
s
is
sh
ow
n
in
Ta
bl
e
21.
Es
ti
ma
te
s
ra
ng
e
fr
om
an
av
er
ag
e
of
2.
46
me
tr
ic
to
ns
of
se
di
me
nt
pe
r
sq
ua
re
kil
ome
ter
(7
ton
s
per
squ
are
mil
e)
ero
ded
fro
m s
tre
amb
ank
s
yea
rly
to
as
hig
h
as
15.
8 m
etr
ic
ton
s p
er
squ
are
kil
ome
ter
(45
ton
s
per
squ
are
mil
e).
9
An
ave
r—
ag
e
of
9.
5
me
tr
ic
to
ns
pe
r
sq
ua
re
ki
lo
me
te
r
(27
to
ns
pe
r
sq
ua
re
mi
le
)
fo
r
the
ent
ire
Gre
at
Lak
es
Bas
in
was
fou
nd.
The
ero
sio
n i
s
sum
mar
ize
d
in
ban
k
len
gth
s
(a
len
gth
of
str
eam
ban
k
ero
sio
n
on
one
sid
e
of
a s
tre
am
cha
nne
l).
The
ter
m
"se
ver
e
str
eam
ban
k
ero
sio
n"
is
a w
ork
ing
ter
m
to
sep
ara
te
tho
se
are
as
whi
ch
app
ear
to
hav
e
siz
abl
e
dam
age
s,
i.e
.,
dam
age
s
det
rim
ent
al
to
one
or
mor
e
of
a
wid
e v
ari
ety
of
use
s.
Fur
the
rmo
re,
dam
age
by
sev
ere
str
eam
ban
k
ero
sio
n
pr
ot
ec
ti
on
is
ju
st
if
ie
d.
Mo
de
ra
te
st
re
am
ba
nk
er
os
io
n
in
cl
ud
es
th
os
e
ar
ea
s
th
at
ha
ve
so
me
da
ma
ge
,
bu
t
un
de
r
pr
es
en
t
co
nd
it
io
ns
do
no
t
ap
pe
ar
to
wa
rr
an
t
fur
the
r s
tud
y b
eca
use
ins
tal
lat
ion
of
a p
rot
ect
ive
mea
sur
e w
ill
not
pro
duc
e
sufficient benefits.
INTENSIVE LIVESTOCK OPERATIONS
In
rec
ent
yea
rs
att
ent
ion
has
bee
n
giv
en
to
the
wat
er
qua
lit
y
pro
ble
ms
cau
sed
by
agr
icu
ltu
ral
was
tes
due
to
cha
nge
s
pri
mar
ily
in
agr
icu
ltu
ral
pro
—
duc
tio
n
pra
cti
ces
.
For
eco
nom
ic
rea
son
s,
liv
est
ock
pro
duc
tio
n h
ad
bec
ome
inc
rea
sin
gly
con
cen
tra
ted
in
lar
ger
ope
rat
ion
s,
inc
rea
sin
g
the
con
fin
eme
nt
of
the numbers of animals per livestock operation.
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TA
BL
E
22
Nu
mb
er
of
In
te
ns
iv
e
Li
ve
st
oc
k
0p
er
at
io
ns
3a
:1
0
Po
ul
tr
y
Ca
tt
le
Sw
in
e
(10
,00
0 o
r m
ore
)
(10
0 o
r m
ore
)
(20
0 o
r m
ore
)
Tot
al
Gre
at
Lak
es
Bas
in
638
9,3
94
2,7
67
12,
799
Lak
e
Sup
eri
or
3
84
3
90
La
ke
Mi
ch
ig
an
28
0
5,
09
4
1,
47
7
6,
85
1
La
ke
Hu
ro
n
51
70
4
98
85
3
La
ke
Er
ie
20
6
1,
81
6
1,
14
5
3,
16
7
La
ke
On
ta
ri
o
98
1,
69
6
44
1,
83
8
Th
e
fo
ll
ow
in
g
de
fi
ni
ti
on
of
an
in
te
ns
iv
e
li
ve
st
oc
k
op
er
at
io
n
wa
s
es
ta
b—
li
sh
ed
fo
r
th
is
st
ud
y:
"A
fa
ci
li
ty
ca
pa
bl
e
of
ho
ld
in
g
an
im
al
s
on
la
nd
no
t
us
ed
fo
r
th
e
gr
ow
in
g
of
cr
op
s
or
ve
ge
ta
ti
on
."
Th
e
nu
mb
er
s
of
an
im
al
s
us
ed
fo
r
th
is
de
fi
ni
ti
on
ar
e
10
0
or
mo
re
he
ad
of
ca
tt
le
(a
va
il
ab
le
da
ta
di
d
no
t
al
lo
w
id
en
ti
fi
ca
ti
on
fo
r
be
ef
an
d
da
ir
y)
,
20
0
or
mo
re
sw
in
e,
an
d
10
,0
00
or
mo
re
po
ul
tr
y.
Th
es
e
st
an
da
rd
s
we
re
pr
es
en
te
d
by
Dr
.
R.
C.
Lo
eh
r
fo
r
in
te
ns
iv
e
an
im
al
fe
ed
lo
ts
,
ba
se
d
up
on
wh
at
wa
s
fe
lt
to
be
an
ap
gg
op
ri
at
e
si
ze
fo
r
a
la
rg
e
si
ng
le
en
te
rp
ri
se
,
op
er
at
in
g
at
a
re
sp
ec
ta
bl
e
pr
of
it
.
It
sh
ou
ld
be
no
te
d
th
at
th
e
de
fi
ni
ti
on
of
an
in
te
ns
iv
e
li
ve
st
oc
ko
pe
ra
t-
io
ns
is
ar
bi
tr
ar
y.
If
on
e
us
es
th
e
de
fi
ni
ti
on
of
a
fe
ed
lo
t
th
at
ap
pe
ar
s
in
th
e
EP
A
re
gu
la
ti
on
s
fo
r
th
e
fe
ed
lo
t
po
in
t
so
ur
ce
ca
te
go
ry
(i
.e
.,
op
er
at
io
ns
ha
vi
ng
1,
00
0
he
ad
of
be
ef
ca
tt
le
,
70
0
he
ad
of
da
ir
y
ca
tt
le
,
2,
50
0
sw
in
e,
10
,0
00
sh
ee
p,
55
,0
00
tu
rk
ey
s,
5,
00
0
du
ck
s,
or
po
ul
tr
y
op
er
at
io
ns
wi
th
a
li
qu
id
sy
st
em
)
th
er
e
ar
e
ve
ry
fe
w
in
te
ns
iv
e
li
ve
st
oc
k
op
er
at
io
ns
in
th
e
Ba
si
n.
Ac
co
rd
in
g
to
Dr
.
Lo
eh
r'
s
st
an
da
rd
s,
th
er
e
ar
e
12
,7
99
in
te
ns
iv
e
li
ve
st
oc
k
op
er
at
io
ns
in
th
e
Gr
ea
t
La
ke
s
Ba
si
n,
of
wh
ic
h
63
8
ar
e
po
ul
tr
y
op
er
at
io
ns
,
9,
39
4
ar
e
ca
tt
le
op
er
at
io
ns
,
an
d
th
e
re
ma
in
in
g
2,
76
7
ar
e
sw
in
e
op
er
at
io
ns
(T
ab
le
22
).
Th
es
e
es
ti
ma
te
s
ar
e
ba
se
d
on
in
fo
rm
at
io
n
co
nt
ai
ne
d
in
th
e
19
69
Ce
ns
us
of
Ag
—
riculture.
HIGH DENSITY, NONSEWERED RESIDENTIAL AREAS
The
re
is
an
inc
rea
sin
g
con
cer
n
ove
r
oth
er
asp
ect
s
of
sew
age
dis
pos
al
bes
ide
s
tho
se
rel
ati
ng
str
ict
ly
to
pub
lic
hea
lth
.
Sew
age
eff
lue
nts
can
hav
e
sig
nif
ica
nt
imp
act
s o
n w
ate
r q
ual
ity
and
the
ove
ral
l e
nvi
ron
men
t.
Whi
le
one
may
be
con
ten
t f
rom
a p
ubl
ic
hea
lth
vie
wpo
int
wit
h 5
.8
per
cen
t o
f t
he
urb
an
hou
sin
g i
n t
he
Bas
in
not
bei
ng
ser
vic
ed
by
pub
lic
sys
tem
s,
the
sam
e 5
.8
per
cen
t m
ay
inc
ur
sig
nif
ica
nt
wat
er
qua
lit
y i
mpa
cts
in
ter
ms
of
nut
rie
nt
enr
ich
men
t o
f s
tre
ams
and
lak
es,
hea
vy
con
cen
tra
tio
ns
of
cer
tai
n c
hem
ica
l
com
pou
nds
det
rim
ent
al
to
sur
fac
e w
ate
r u
ses
, a
nd
cha
nge
s i
n t
he
gen
era
l
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T
A
B
L
E
23
H
i
g
h
—
d
e
n
s
i
t
y
,
N
o
n
s
e
w
e
r
e
d
R
e
s
i
d
e
n
t
i
a
l
A
r
e
a
s
1
1
 
Nonseuorsd Households
 
Urban Rural Non—Farm Gaggingd
To
ta
l
I
To
ta
l
Z
To
ta
l
2
To
ta
l
Hou
sin
g
Reu
sin
g
Hou
sin
g
Hou
sin
g
Un
it
s
Nu
mb
er
Un
it
s
Nu
mb
er
Un
it
s
Nu
mb
er
Un
it
s
Gre
at
Lak
es
Bas
in
9,3
46,
529
550
,34
9
5.8
1,2
80,
629
13.
7
1,8
31,
478
19.
5
La
ke
Su
pe
ri
or
18
3,
34
8
4,
27
8
3
50
,4
82
29
54
,7
60
31
La
ke
Mi
ch
ig
an
4,
38
9,
25
2
25
4,
59
7
5
51
1,
48
6
12
76
6,
08
3
17
Lak
e
Hur
on
400
,96
0
36,
542
9
153
,12
1
38
189
,66
3
47
La
ke
Er
ie
3,
57
0,
66
0
22
0,
48
0
6
35
9,
72
3
9
58
0,
20
3
15
La
ke
On
ta
ri
o
80
2,
30
9
34
,9
52
4
20
5,
81
7
25
24
0,
76
9
30
a
e
s
t
h
e
t
i
c
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
o
f
n
e
a
r
b
y
a
q
u
a
t
i
c
e
n
v
i
r
o
n
m
e
n
t
s
.
W
h
i
l
e
t
h
e
r
e
a
r
e
n
o
f
i
g
u
r
e
s
o
n
t
h
e
m
a
g
n
i
t
u
d
e
o
f
p
o
l
l
u
t
i
o
n
a
s
s
o
c
i
a
t
e
d
w
i
t
h
t
h
e
s
e
s
y
s
t
e
m
s
,
i
t
c
o
u
l
d
b
e
l
o
c
a
l
l
y
s
e
v
e
r
e
.
T
h
e
B
a
s
i
n
d
o
e
s
h
a
v
e
a
r
e
a
s
w
i
t
h
s
a
n
d
y
l
o
a
m
l
o
i
l
s
w
h
i
c
h
a
r
e
s
u
i
t
a
b
l
e
f
o
r
s
e
p
t
i
c
t
a
n
k
s
y
s
t
e
m
s
w
i
t
h
l
i
t
t
l
e
a
d
v
e
r
s
e
i
m
p
a
c
t
.
H
o
w
e
v
e
r
,
t
h
r
o
u
g
h
o
u
t
p
o
r
t
i
o
n
s
o
f
t
h
e
B
a
s
i
n
s
t
u
d
y
a
r
e
a
,
s
o
i
l
a
n
d
g
r
o
u
n
d
w
a
t
e
r
c
o
n
d
i
t
i
o
n
s
p
o
s
e
s
e
v
e
r
e
l
i
m
i
t
a
t
i
o
n
s
o
n
t
h
e
u
s
e
o
f
o
n
-
s
i
t
e
d
i
s
p
o
s
a
l
s
y
s
t
e
m
s
.
I
n
s
e
a
r
c
h
i
n
g
t
h
e
U
.
S
.
B
u
r
e
a
u
of
t
h
e
C
e
n
s
u
s
H
o
u
s
i
n
g
C
h
a
r
a
c
t
e
r
i
s
t
i
c
s
R
e
p
o
r
t
s
f
o
r
1
9
7
0
,
it
w
a
s
f
o
u
n
d
t
h
a
t
i
n
th
e
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
t
h
e
r
e
a
r
e
9
,
3
4
6
,
5
2
9
s
e
w
—
e
r
e
d
a
n
d
n
o
n
s
e
w
e
r
e
d
h
o
u
s
i
n
g
un
i
t
s
.
T
h
e
1
,
8
3
1
,
4
7
8
n
o
n
s
e
w
e
r
e
d
h
o
u
s
i
n
g
u
n
i
t
s
m
a
k
e
u
p
1
9
.
5
p
e
r
c
e
n
t
o
f
t
h
i
s
t
o
t
a
l
f
i
g
u
r
e
.
O
f
t
h
o
s
e
n
o
n
s
e
w
e
r
e
d
u
n
i
t
s
,
5
.
8
p
e
r
c
e
n
t
o
r
5
5
0
,
8
4
9
a
r
e
i
n
u
r
b
a
n
a
r
e
a
s
,
a
n
d
1
3
.
7
p
e
r
c
e
n
t
o
r
1
,
2
8
0
,
6
2
9
a
r
e
i
n
r
u
r
a
l
n
o
n
—
f
a
r
m
a
r
e
a
s
.
D
e
t
a
i
l
s
a
r
e
g
i
v
e
n
i
n
T
a
b
l
e
23
.
W
i
t
h
f
u
t
u
r
e
u
r
b
a
n
i
z
a
t
i
o
n
e
x
p
e
c
t
e
d
i
n
t
h
e
B
a
s
i
n
,
i
t
i
s
a
s
s
u
m
e
d
t
h
a
t
a
d
e
-
c
r
e
a
s
e
i
n
n
o
n
s
e
w
e
r
e
d
h
o
u
s
i
n
g
i
n
u
r
b
a
n
a
r
e
a
s
w
i
l
l
o
c
c
u
r
d
u
e
t
o
e
x
p
a
n
s
i
o
n
o
f
p
u
b
—
l
i
c
s
e
w
a
g
e
s
y
s
t
e
m
s
.
W
i
t
h
c
o
n
t
i
n
u
e
d
g
r
o
w
t
h
o
c
c
u
r
r
i
n
g
i
n
n
o
n
f
a
r
m
r
u
r
a
l
a
r
e
a
s
,
t
h
e
f
e
a
s
i
b
i
l
i
t
y
o
f
p
r
o
v
i
d
i
n
g
e
x
t
e
n
d
e
d
p
u
b
l
i
c
s
e
w
a
g
e
s
y
s
t
e
m
s
i
s
l
i
k
e
w
i
s
e
e
n
h
a
n
-
c
e
d
.
A
l
s
o
,
w
i
t
h
s
t
e
p
p
e
d
u
p
e
n
f
o
r
c
e
m
e
n
t
o
f
e
n
v
i
r
o
n
m
e
n
t
a
l
s
t
a
t
u
t
e
s
r
e
g
u
l
a
t
i
n
g
w
a
s
t
e
w
a
t
e
r
d
i
s
p
o
s
a
l
,
t
h
e
d
e
t
e
c
t
i
o
n
o
f
f
a
u
l
t
y
s
e
p
t
i
c
s
y
s
t
e
m
s
a
n
d
b
e
t
t
e
r
o
p
e
r
-
a
t
i
o
n
o
f
o
n
—
s
i
t
e
d
i
s
p
o
s
a
l
m
e
t
h
o
d
s
s
h
o
u
l
d
r
e
s
u
l
t
.
 
R
E
C
R
E
A
T
I
O
N
A
L
L
A
N
D
U
S
E
T
h
e
G
r
e
a
t
L
a
k
e
s
R
e
g
i
o
n
p
o
s
s
e
s
s
e
s
d
i
v
e
r
s
e
a
n
d
o
u
t
s
t
a
n
d
i
n
g
n
a
t
u
r
a
l
f
e
a
t
u
r
e
s
:
G
r
e
a
t
L
a
k
e
s
w
a
t
e
r
s
u
r
f
a
c
e
a
n
d
S
h
o
r
e
l
i
n
e
,
t
h
o
u
s
a
n
d
s
o
f
i
n
l
a
n
d
l
a
k
e
s
a
n
d
a
s
s
o
c
-
i
a
t
e
d
b
e
a
c
h
e
s
,
m
o
u
n
t
a
i
n
s
a
n
d
r
o
l
l
i
n
g
m
o
r
a
i
n
i
c
h
i
l
l
s
,
e
x
t
e
n
s
i
v
e
f
o
r
e
s
t
s
,
s
t
r
e
a
m
s
a
n
d
m
a
r
s
h
l
a
n
d
w
i
t
h
r
e
l
a
t
i
v
e
l
y
h
i
g
h
—
q
u
a
l
i
t
y
w
a
t
e
r
s
,
a
n
d
m
a
n
y
i
s
l
a
n
d
s
,
i
n
l
e
t
s
,
a
n
d
b
a
y
s
.
W
h
i
l
e
a
f
e
w
o
f
t
h
e
s
e
r
e
s
o
u
r
c
e
s
a
r
e
n
e
a
r
t
h
e
l
a
r
g
e
u
r
b
a
n
c
e
n
t
e
r
s
i
n
t
h
e
s
o
u
t
h
e
r
n
p
o
r
t
i
o
n
o
f
t
h
e
R
e
g
i
o
n
,
m
o
s
t
a
r
e
l
o
c
a
t
e
d
o
n
t
h
e
d
r
a
i
n
a
g
e
a
r
e
a
s
o
f
L
a
k
e
S
u
p
e
r
i
o
r
,
L
a
k
e
O
n
t
a
r
i
o
,
a
n
d
t
h
e
n
o
r
t
h
e
r
n
p
a
r
t
s
o
f
L
a
k
e
s
M
i
c
h
i
g
a
n
a
n
d
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TA
BL
E
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Su
mm
ar
y
of
Re
cr
ea
ti
on
al
Ar
ea
s
an
d
Ac
ti
vi
ti
es
12
    
(in acres)
Other Summer Activities
Wa
te
r-
Or
ie
nt
ed
Ac
ti
vi
ti
es
Ge
ne
ra
l
Bo
at
in
g
Sw
im
mi
ng
Pi
cn
ic
ki
ng
Ca
mp
in
g
Pa
rk
in
g
Pa
rk
in
g
Pl
ay
fi
el
d
Go
lf
Gt
.
Lk
s.
Ba
si
n
2,
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0
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,5
60
14
,2
90
3,
85
0
2,
24
0
30
,4
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63
,8
60
La
ke
Su
pe
ri
or
29
0
1,
50
0
2,
07
0
22
0
28
0
91
0
1,
80
0
La
ke
Mi
ch
ig
an
1,
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0
9,
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0
4,
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0
1,
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0
1,
25
0
15
,6
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90
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ke
Hu
ro
n
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0
1,
11
0
1,
43
0
41
0
26
0
68
0
1,
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ke
Er
ie
75
0
4,
12
0
2,
92
0
1,
53
0
41
0
12
,1
80
33
,6
40
La
ke
On
ta
ri
o
13
0
2,
75
0
3,
49
0
47
0
40
1,
10
0
5,
77
0
Wi
nt
er
Ac
ti
vi
ti
es
Wa
te
r
Su
rf
ac
e
Sk
ii
ng
Sl
ed
di
ng
Ic
e
Sk
at
in
g
Bo
at
in
g
To
ta
l
Ar
ea
Gt
.
Lk
s.
Ba
si
n
2,
35
0
0
1,
21
0
4,
23
1,
00
0
4,
37
0,
25
0
La
ke
Su
pe
ri
or
1,
08
0
0
30
1,
42
8,
00
0
1,
43
6,
18
0
La
ke
Mi
ch
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an
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90
0
81
0
1,
51
8,
00
0
1,
57
3,
96
0
La
ke
Hu
ro
n
60
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0
45
0,
00
0
45
5,
12
0
La
ke
Er
ie
30
0
0
34
0
45
7,
00
0
51
3,
19
0
La
ke
On
ta
ri
o
20
0
30
37
8,
00
0
39
1,
80
0
Hectare (ha) = Acres (acre) x 0.405
Hu
ro
n.
In
ge
ne
ra
l,
on
e
of
th
e
mo
st
cr
it
ic
al
ne
ed
s
fo
r
re
cr
ea
ti
On
in
th
e
Ba
si
n
is
th
e
pr
ov
is
io
n
of
hi
gh
ca
pa
ci
ty
da
y
us
e
an
d
we
ek
en
d
us
e
fa
ci
li
ti
es
cl
os
e
to
ma
jo
r
me
tr
op
ol
it
an
ar
ea
s.
Ac
ce
ss
ib
il
it
y
to
al
l
ci
ty
re
si
de
nt
s
mu
st
al
so
be
pr
ov
id
ed
.
Th
e
sh
or
el
in
es
an
d
is
la
nd
s
of
th
e
Gr
ea
t
La
ke
s
of
fe
rs
gr
ea
t
op
po
r-
tu
ni
ty
fo
r
re
cr
ea
ti
on
,
bu
t
th
er
e
is
a
co
ns
ta
nt
ef
fo
rt
to
pr
ev
en
t
in
du
st
ri
al
,
co
mm
er
ci
al
,
an
d
pr
iv
at
e
ow
ne
rs
hi
p
fr
om
re
st
ri
ct
in
g
pu
bl
ic
ac
ce
ss
to
th
e
regional land and water resources.
Ta
bl
e
24
gi
ve
s
de
ta
il
ed
in
fo
rm
at
io
n
on
th
os
e
ar
ea
s
wh
ic
h
no
w
pr
ov
id
e
or
hav
e
gre
at
pot
ent
ial
for
pro
vid
ing
rec
rea
tio
nal
opp
ort
uni
tie
s
in
the
Gre
at
Lak
es
Reg
ion
.
It
sho
uld
be
not
ed
tha
t t
hes
e s
ite
s a
lso
hav
e t
he
pot
ent
ial
to
cre
ate
wat
er
qua
lit
y
pro
ble
ms
thr
oug
h
the
poo
r w
ast
e
tre
atm
ent
and
exc
ess
ive
ero
sio
n w
hic
h o
fte
n a
cco
mpa
ny
suc
h c
onc
ent
rat
ed
use
.
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fro
m L
and
Use
Act
ivi
tie
s,
Tas
k G
rou
p B
, M
ana
g—
eme
nt
Pro
gra
ms,
Res
ear
ch
and
Eff
ect
s o
f P
res
ent
Lan
d U
se
Act
ivi
tie
s o
n
Water Quality of the Great Lakes, November, 1974.
a.
A8—
9
Loe
hr,
Ray
mon
d C
.,
(Co
rne
ll
Uni
ver
sit
y),
"Wa
ter
Pol
lut
ion
Pro
ble
ms
Ass
oci
ate
d w
ith
Ani
mal
Was
tes
and
Int
ens
ive
Ani
mal
Fee
dlo
ts
in
the
U.S
.
Por
tio
n
of
the
Gre
at
Lak
es
Bas
in”
,
Sep
tem
ber
,
197
4.
b.
A13
Mil
ler
,
R.H
.,
et.
a1.
(Oh
io
Sta
te
Uni
ver
sit
y
Wat
erR
eso
urc
es
Cen
ter
),
"Li
qui
d
Was
te
Dis
pos
al"
,
Sep
tem
ber
,
197
4.
c.
A14
Moo
re,
C.A
.
et.
a1.
(Oh
io
Sta
te
Uni
ver
sit
y,
Wat
er
Res
our
ces
Ce
nt
er
),
"L
iq
ui
d
Wa
st
e
Di
sp
os
al
",
Se
pt
em
be
r,
197
4.
d.
A1
6
Pe
tt
yj
oh
n,
W.
A.
et.
a1.
(O
hi
o
St
at
e
Un
iv
er
si
ty
,
Wa
te
r
Re
so
ur
ce
s
Ce
nt
er
),
"D
ee
pw
el
l
In
du
st
ri
al
Wa
st
e
Di
sp
os
al
".
Ar
ro
wh
ea
d
Re
gi
on
al
Pl
an
ni
ng
Co
mm
is
si
on
,
So
li
d
Wa
st
e
Ma
na
ge
me
nt
Pl
an
,
197
3.
 
He
ad
of
th
e
La
ke
s
Co
un
ci
l
of
Go
ve
rn
me
nt
s,
Gr
ea
t
Du
lu
th
—S
up
er
io
r
(M
in
ne
so
ta
)
Met
rop
oli
tan
Are
a
Sol
id
Was
te
Man
age
men
t P
lan
,
197
3.
U.S
.
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
,
Of
fi
ce
of
Re
se
ar
ch
an
d
Mo
ni
to
ri
ng
,
Fu
tu
re
Dr
ed
gi
ng
Qu
an
ti
ti
es
in
th
e
Gr
ea
t
La
ke
s,
pr
ep
ar
ed
by
Dr
.
C.
Ni
ch
ol
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Ra
ph
ae
l,
et.
a1.
(E
as
te
rn
Mi
ch
ig
an
Un
iv
er
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),
Ju
ly
,
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t La
kes
Basi
n Co
mmis
sion
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eat
Lake
s Ba
sin
Fram
ewor
k St
udy,
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ndix
"S
ho
re
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e
an
d
Er
os
io
n"
,
Dr
af
t
2,
An
n
Ar
bo
r,
Mi
ch
ig
an
,
Ju
ly
,
19
72
.
Gr
ea
t
La
ke
s
Ba
si
n
Co
mm
is
si
on
,
su
pp
or
ti
ng
in
fo
rm
at
io
n
on
fi
le
,
su
bm
it
te
d
by
Michigan Water Development Services.
Gre
at
Lak
es
Bas
in
Com
mis
sio
n,
Gre
at
Lak
es
Bas
in
Fra
mew
ork
Stu
dy,
App
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ix
18,
"E
ro
si
on
an
d
Se
di
me
nt
at
io
n"
,
An
n
Ar
bo
r,
Mi
ch
ig
an
,
197
5.
U.
S.
Bu
re
au
of
th
e
Ce
ns
us
,
Ce
ns
us
of
Ag
ri
cu
lt
ur
e,
19
69
.
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l.
1,
"A
re
a
Reports".
U.
S.
Bu
re
au
of
th
e
Ce
ns
us
,
Ce
ns
us
of
Ho
us
in
g;
19
70
De
ta
il
ed
Ho
us
in
g
Ch
ar
—
acteristics Final Report.
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13.
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at
Lak
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in
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mis
sio
n,
Gre
at
Lak
es
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Fra
mew
ork
Stu
dy,
App
end
ix
21,
"Ou
tdo
or
Rec
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tio
n",
Ann
Arb
or,
Mic
hig
an,
197
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Add
iti
ona
l
sup
por
tin
g
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Int
ern
ati
ona
l J
oin
t
Com
mis
sio
n,
Int
ern
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l W
ork
ing
Gro
up
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the
Aba
te—
me
nt
an
d
Co
nt
ro
l
of
Po
ll
ut
io
n
fr
om
Dr
ed
gi
ng
Ac
ti
vi
ti
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,
Fi
rs
t
Re
po
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,
April, 1974.
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MATERIALS USAGE
IN
VE
NT
OR
Y
OF
PR
ES
EN
T
MA
TE
RI
AL
S
US
AG
E
Th
e
Gr
ea
t
La
ke
s
Ba
si
n
re
pr
es
en
ti
ng
th
e
Un
it
ed
St
at
es
si
de
en
co
mp
as
se
s
19
1
co
un
ti
es
lo
ca
te
d
in
ei
gh
t
st
at
es
.
Th
e
Ag
ri
cu
lt
ur
al
Ce
ns
us
fo
r
th
e
Un
—
it
ed
St
at
es
ei
th
er
do
es
no
t
pr
ov
id
e
th
e
da
ta
or
co
mb
in
es
th
e
in
fo
rm
at
io
n
so
th
at
ce
ns
us
st
at
is
ti
cs
fo
r
fo
ur
co
un
ti
es
in
th
e
Ba
si
n
ar
e
no
t
re
po
rt
ed
as
su
ch
.
Th
es
e
co
un
ti
es
ar
e:
Ke
we
en
aw
an
d
Cr
aw
fo
rd
in
Mi
ch
ig
an
,
Co
ok
in
Mi
nn
es
ot
a,
an
d
Me
no
mi
ne
e
in
Wi
sc
on
si
n.
Th
us
,
th
e
in
fo
rm
at
io
n
pr
es
en
te
d
in
th
is
re
po
rt
is
ba
se
d
on
18
7
co
un
ti
es
,
ra
th
er
th
an
th
e
to
ta
l
19
1
co
un
ti
es
.
A
g
r
i
c
u
l
t
u
r
e
w
i
t
h
i
n
th
e
B
a
s
i
n
is
w
i
d
e
l
y
va
ri
ed
.
Th
e
la
nd
a
r
e
a
in
th
e
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
(1
87
co
un
ti
es
)
e
n
c
o
m
p
a
s
s
e
s
ov
er
33
m
i
l
l
i
o
n
to
ta
l
h
e
c
t
a
r
e
s
(8
2
m
i
l
l
i
o
n
ac
re
s)
,
w
i
t
h
13
m
i
l
l
i
o
n
h
e
c
t
a
r
e
s
(3
3
m
i
l
l
i
o
n
ac
re
s)
in
fa
rm
la
nd
,
10
m
i
l
l
i
o
n
h
e
c
t
a
r
e
s
(2
4
m
i
l
l
i
o
n
ac
re
s)
in
fa
rm
cr
op
la
nd
,
an
d
7
m
i
l
l
i
o
n
h
e
c
t
—
a
r
e
s
(1
7
m
i
l
l
i
o
n
a
c
r
e
s
)
in
h
a
r
v
e
s
t
e
d
f
a
r
m
c
r
o
p
l
a
n
d
.
T
h
i
s
v
a
s
t
a
n
d
v
a
r
i
e
d
e
x
p
a
n
s
e
of
l
a
n
d
b
e
g
i
n
s
w
i
t
h
th
e
c
u
t
—
o
v
e
r
a
n
d
f
o
r
e
s
t
l
a
n
d
s
o
n
t
h
e
C
a
n
a
d
i
a
n
b
o
r
d
e
r
a
t
t
h
e
w
e
s
t
e
n
d
of
L
a
k
e
S
u
p
e
r
i
o
r
.
It
e
x
t
e
n
d
s
s
o
u
t
h
t
h
r
o
u
g
h
W
i
s
c
o
n
s
i
n
d
a
i
r
y
l
a
n
d
i
n
t
o
t
h
e
c
o
r
n
b
e
l
t
,
t
h
e
n
n
o
r
t
h
e
a
s
t
t
h
r
o
u
g
h
a
l
l
of
M
i
c
h
i
g
a
n
,
a
n
d
e
a
s
t
t
h
r
o
u
g
h
I
n
d
i
a
n
a
a
n
d
Oh
io
.
F
i
n
a
l
l
y
,
it
h
u
g
s
t
h
e
L
a
k
e
s
c
o
n
t
i
n
u
i
n
g
t
h
r
o
u
g
h
t
h
e
d
a
i
r
y
,
f
r
u
i
t
,
a
n
d
v
e
g
e
t
a
b
l
e
r
e
g
i
o
n
s
o
f
P
e
n
n
s
y
l
v
a
n
i
a
a
n
d
N
e
w
Y
o
r
k
,
e
n
d
i
n
g
a
t
t
h
e
A
d
i
r
o
n
d
a
c
k
s
.
W
i
t
h
t
h
i
s
t
y
p
e
o
f
s
i
t
u
a
t
i
o
n
,
g
e
n
e
r
a
l
i
z
a
t
i
o
n
s
a
r
e
h
a
r
d
t
o
p
r
o
v
i
d
e
,
a
n
d
s
u
m
m
a
r
i
e
s
a
n
d
c
o
m
p
a
r
i
s
o
n
s
a
r
e
v
e
r
y
d
i
f
f
i
c
u
l
t
t
o
m
a
k
e
r
e
p
—
r
e
s
e
n
t
a
t
i
v
e
a
n
d
m
e
a
n
i
n
g
f
u
l
.
T
h
e
t
r
e
n
d
s
a
n
d
p
r
o
j
e
c
t
i
o
n
s
p
r
o
v
i
d
e
d
c
o
u
l
d
h
a
v
e
b
e
e
n
i
m
p
r
o
v
e
d
if
t
i
m
e
a
n
d
r
e
s
o
u
r
c
e
s
h
a
d
p
e
r
m
i
t
t
e
d
g
r
e
a
t
e
r
i
n
p
u
t
o
n
t
h
e
p
a
r
t
o
f
c
o
m
p
e
t
e
n
t
a
n
d
k
n
o
w
l
e
d
g
e
a
b
l
e
p
e
r
s
o
n
n
e
l
a
t
t
h
e
S
t
a
t
e
,
c
o
u
n
t
y
,
a
n
d
l
o
c
a
l
levels.
A
n
i
n
v
e
n
t
o
r
y
a
n
d
a
n
a
l
y
s
i
s
o
f
m
a
t
e
r
i
a
l
s
u
s
a
g
e
w
a
s
m
a
d
e
b
a
s
e
d
o
n
p
e
r
s
o
n
a
l
i
n
t
e
r
v
i
e
w
s
,
c
o
r
r
e
s
p
o
n
d
e
n
c
e
,
a
n
d
s
t
a
t
i
s
t
i
c
s
a
s
a
v
a
i
l
a
b
l
e
f
r
o
m
a
g
r
i
c
u
l
t
u
r
a
l
s
t
a
-
t
i
s
t
i
c
s
,
c
e
n
s
u
s
i
n
f
o
r
m
a
t
i
o
n
,
s
t
a
t
e
h
i
g
h
w
a
y
d
e
p
a
r
t
m
e
n
t
s
,
u
n
i
v
e
r
s
i
t
i
e
s
,
p
r
i
v
a
t
e
c
o
m
p
a
n
i
e
s
,
a
n
d
s
t
a
t
e
a
n
d
f
e
d
e
r
a
l
a
g
e
n
c
i
e
s
.
B
a
c
k
g
r
o
u
n
d
f
o
r
t
h
e
a
n
a
l
y
s
i
s
i
s
p
r
e
s
e
n
t
e
d
i
n
t
h
e
m
e
t
h
o
d
o
l
o
g
y
s
e
c
t
i
o
n
.
T
a
b
l
e
s
2
5
t
o
29
s
u
m
m
a
r
i
z
e
t
h
e
f
i
n
d
i
n
g
s
o
f
t
h
i
s
i
n
v
e
n
t
o
r
y
a
n
d
a
n
a
l
y
s
i
s
.
D
e
t
a
i
l
e
d
s
t
a
t
i
s
t
i
c
s
a
r
e
s
h
o
w
n
o
n
T
a
b
l
e
3
0
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TABL
E 25
Ch
em
ic
al
s
Us
ed
by
Cl
as
s
an
d
By
Ha
rv
es
te
d
Cr
op
la
nd
Ac
re
PSA
1.1
PSA 1.2
Plan
Area
PSA 2.1
PS
A
2.
2
PSA 2.3
PSA 2.4
Plan
Area
PSA 3.1
PSA 3.2
Plan
Area
PSA 4.1
PSA 4.2
PSA
4.3
PSA 4.4
Plan
Area
PSA
5.1
PSA 5.2
PSA
5.3
Plan Area
TO
TA
L
1.0
2.0
3.0
4.0
5.0
Her
bic
ide
s
CWT
955
.4
400.0
1,3
55.
4
25
,8
60
.5
34,250.9
52
,8
64
.7
7,4
99.
2
120,
475.
3
2,174.9
29
,4
07
.5
31,5
82.4
17,6
25.7
66,0
23.3
3,7
72.
0
6,
39
3.
7
93
,8
14
.7
7,035.9
12
,9
56
.2
3,
14
6.
0
23,1
38.1
270,365.9
Z o
f T
ota
l
Ch
em
.
4
6
3
9
44
53
77
5
7
3
4
5
8
55
7
9
77
3
9
60
U
s
e
d
Ch
em
ic
al
s
Us
ed
Ins
ect
ici
des
Z o
f
Tot
al
CW
T
Ch
em
.
Us
ed
89
8.
6
43
45
8.
0
44
1,
35
6.
6
44
16,
359
.7
33
6
7,
89
7.
4
18
2
23,
620
.0
26
16
6,
86
6.
4
31
7
54,
743
.5
26
32
1,1
29.
7
29
5,
20
4.
8
14
2
6,3
34.
5
15
3
4,51
3.5
19
1
10,
168
39
13
3
1,8
76.
8
27
1
16,
097
.5
50
9
32,
656
.7
23
15
5,0
70.
8
29
5
12,
744
.2
34
11
1,68
3.2
34
19,
498
.2
32
17
114
,58
9.5
25
69
Fungi
C
W
T
219.4
17
7.
0
396
.4
,75
9.2
,23
9.7
,07
8.5
,6
30
.4
,
7
0
7
.
8
643.6
,433.9
,0
77
.5
,45
8.7
,35
0.6
,378.0
,78
6.8
,9
74
.1
,5
83
.5
,727.5
74.0
,3
85
.0
,54
0.8
cides
Z o
f
Tot
al
Ch
em
.
Us
ed
1
1
1
7
1
2
1
4
5
1
7
35
16
Tot
al
Che
mic
als
Use
d
CWT
2,
07
3.
4
1,
03
5.
0
3,
10
8.
4
48
,9
79
.4
44
,3
88
.0
92
,5
63
.2
21
,9
96
.0
207,
926.
6
3,
94
8.
2
37
,0
46
.2
40
,9
94
.4
23
,5
97
.9
79
,5
42
.8
7,
02
6.
8
32
,2
78
.0
14
2,
44
5.
5
17
,6
90
.2
37,4
24.9
4
,
9
0
3
.
2
60
,0
21
.3
45
4,
49
6.
2
Pounds
207
,34
0
103
,50
0
310
,84
0
4,89
7,94
0
4,
43
8,
88
0
9,
25
6,
32
0
2,199,600
20,
792
,66
0
394
,82
0
3,
70
4,
62
0
4,
09
9,
44
0
2,
35
9,
79
0
7,
95
4,
28
0
702
,68
0
3,22
7,80
0
14,
244
,55
0
1,
76
9,
02
0
3,
74
2,
49
0
49
0,
32
0
6,
00
2,
13
0
45
,4
49
,6
20
To
ns
104
5
2
156
2,4
49
2,219
4,628
1,100
10,
396
198
1,8
52
2,050
1,
18
0
3,
97
7
35
1
1,6
14
7,1
22
885
1,8
71
245
3,001
22
,7
25
Ch
em
ic
al
s
Pe
r
Pounds
1.
18
1.
16
1.
18
2.20
2.21
3.
27
4.45
2.75
2.
02
2.52
2.46
2.21
2.09
2.25
6.
82
2.
52
3.11
3.
78
1.19
3.05
2.66
Harves
t Acre
Index
4
4
44
44
8
3
8
3
123
100
kil
ogr
ams
(kg
)
= p
oun
ds
(1b
)
hec
tar
e (
ha)
x 0
.45
4
-
ac
re
s
(ac
re)
x
0.
40
5
ki
lo
gr
am
s
(k
g)
=
to
ns
(t
on
)
x
90
7.
2
me
tr
ic
to
ns
-
to
ns
(t
on
)
x
0.
90
7
 
TABLE
26
Manure
Tonnage
by
PSA,
Plan
Area,
and
Kind
of
Livestock
 
Cattle
Horses
Chickens
Swine
Sheep
Turkeys
Z
Total
Z
Total
Z
Total
Z
Total
1
Total
2
Total
Total
Tons
Tons
Tons
Tons
Tons
Tons
Tons
Tons
Tons
Tons
Tons
Tons
Tons
of
Manure
PSA
1.1
731,205
87
83,211
10
9,904
l
4,700
1
4,509
1
503
0
834,031
PSA
1.2
299,130
85
44,768
13
2,983
1
1,764
0
4,245
1
0
0
352,890
Plan
Area
1.0
1,030,335
87
127,979
11
12,887
1
6,464
0
8,754
1
503
0
1,186,921
10,323,056
5,433,964
10,669,214
2,180,580
28,606,524
5
9,571,400
93
143,762
1
61,470
S
4,127,793
76
730,518
13
109,267
S
7,319,800
69
1,552,233
14
197,756
PSA
2.
1,797,969
83
284,496
13
31,746
Plan
Area
2.0
22,816,962
80
2,711,009
9‘
400,239
518,536
425,978
1,244,456
1
41,572
2,230,542
24,118
37,568
2
2
2
,
7
8
9
18,490
302,965
3,750
2,570
132,180
6,307
144,807
o
H
N
t
n
N
N
N
<
<
<
9
.
0
.
9
.
o
o
v
a
0
-
H
o
~
¢
N
F
e
—
m
a
h
a
m
w
H
N
N
H
—
923,564
3,447,954
4,371,518
PSA
3.1
789,999
85
101,486
11
6,323
PSA
3.2
2,812,566
82
413,101
12
65,025
Plan
Area
3.0
3,602,565
82
514,587
12
71,348
15,291
121,681
136,972
10,465
35,581
46,046
H
H
v
-
l
N
M
M
F
I
N
N
0
O
0
C
D
C
0
134,360
7,542
3,928
144,420
3,595,530
6,313,288
1,688,056
2,590,020
PSA
4.1
2,583,516
72
715,630
20
37,987
PSA
4.2
3,956,796
63
526,447
8
268,180
PSA
4.3
1,278,460
76
326,503
19
30,638
PSA
4.4
2,195,089
85
331,283
13
28,280
Plan
Area
4.0
10,013,861
71
1,899,593
13
365,085
145,323
1,161,675
1
30,262
16,108
1,353,368
113,344
265,830
14,651
15,332
409,157
O
N
O
O
H
M
Q
H
O
M
Q
U
N
N
H
O
‘
H
Q
N
H
M
48,617
46,109
2,571
97,299
503
4,4
68
3,142
8,113
2,241,728
4,566,594
2,589,612
9,397,934
PSA
5.1
1,877,209
84
266,195
12
27,498
PSA
5.2
3,930,238
86
460,834
10
93,364
PSA 5.3
2,420,802
93
148,695
6
9,818
Plan
Area
5.0
8,228,249
88
875,724
9
130,680
21,704
31,581
4,584
57,869
C
O
C
O
N
I
-
I
O
r
-
i
P
I
P
-
(
O
H
H
N
H
N
7
-
1
N
57,748,381
N
3,785,215
\
D
TOTAL
45,691,972
79
6,128,892
10
980,239
864,221
297,842
kilograms
(kg)
8 pounds
(1b)
x
0.454
kilograms
(kg)
- tone
(ton)
x
907.2
hectare
(ha)
- acres
(acre)
x
0.405
metric
tons
-
tons
(ton) x
0.907
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TA
BL
E
27
In
te
ns
it
y
of
Ma
nu
re
an
d
Pr
im
ar
y
Nu
tr
ie
nt
s
pe
r
Ha
rv
es
te
d
Ac
re
 
PSA 1.1
PSA 1.2
Pla
n A
rea
1.0
PSA 2.1
PSA 2.2
PSA 2.3
PSA 2.4
Pla
n A
rea
.2.
0
PSA 3.1
PSA 3.2
Pla
n A
rea
3.0
PSA 4.1
PSA 4.2
PSA 4.3
PSA 4.4
Plan A
rea 4.
0
PSA 5.1
PSA 5.2
PSA
5.3
Pla
n A
rea
5.0
TOTAL
Ha
rv
es
te
d
Crop
land
Acres
175
,07
3
88,955
26
4,
02
8
1,
2,
22
6,
94
6
10
,
2,00
9,41
0
5,
2,
83
0,
58
5
10
,
49
3,
78
2
2,
7,5
60,
723
28,
195,595
1,46
9,44
6
3,
1,6
65,
041
4,
1,0
68,
323
3,
3,8
02,
981
6,
31
2,
90
4
1,
47
3,
59
8
2,
5,
65
7,
80
6
14
,
56
7,
93
6
2,
99
0,
42
6
4,
41
1,
46
1
2,
1,9
69,
823
9,
17,
117
,42
1
57,
To
ns
of
Li
ve
st
oc
k
Man
ure
83
4,
03
1
35
2,
89
0
18
6,
92
1
323
,05
6
433
,69
4
669
,21
4
180
,58
0
60
6,
52
4
92
3,
56
4
447
,95
4
37
1,
51
8
59
5,
53
0
31
3,
28
8
68
8,
05
6
59
0,
02
0
185
,48
4
241
,72
8
56
6,
59
4
58
9,
61
2
39
7,
93
4
748
,38
1
To
ns
Ma
nu
re
/
Ha
rv
es
te
Ac
re
\
D
f
‘
o
£
0
h
a
l
f
)
\
D
N
I
.
o
6
c
m
:
I
‘
N
Q
c
o
Q
N
M
Q
M
N
m
m
N
O
Q
N
H
V
I
I
—
1
G
N
a
h
N
5
5
0
.
.
o
M
l
)
Q
O
O
V
D
N
¢
N
N
M
H
a
n
N
m
<
¥
0
N
I
‘
N
M
-
a
‘
1
'
m
Man
ure
Pto-
d
du
ct
io
n
Ind
ex
14
1
118
13
4
138
80
112
13
1
11
2
14
0
70
78
100
4
9
160
162
7
4
117
137
187
14
2
100
Pr
im
ar
y
Nu
tr
ie
nt
s
in
Ma
nu
re
(t
on
s)
(N
)
4,9
16
2,0
97
7,0
13
5
8
,
5
4
1
32,
560
66
,1
90
13,
092
17
0,
38
3
5,
44
1
20
,7
22
26,
168
22,
308
41
,7
08
10,
364
15,
377
89,
735
13,
576
27,
519
14,
843
55,
937
34
9,
23
6
(P
20
5)
8
7
2
370
1,2
42
10,
753
5,
98
1
12,
402
2,3
31
31
,4
67
959
3,
73
4
4,
69
2
3,8
93
8,
33
2
1,8
30
2,
71
1
16
,7
29
2,3
87
4,
92
3
2,6
33
9,
94
4
64,
074
(K2
0)
4,255
1,8
22
6,0
77
51
,1
59
27,
409
5
4
,
0
2
0
11,
173
1
4
3
,
7
6
2
4,
74
5
17
,5
83
22,
331
19
,0
28
31
,4
19
8,
74
6
13,
290
72,
480
11,649
23,
340
13
,0
84
48
,0
73
2
9
2
,
7
2
3
T
o
t
a
l
10,
043
4,2
89
14
,3
32
12
0,
45
3
65,
950
1
3
2
,
6
1
2
26
,5
96
3
4
5
,
6
1
2
11,
145
42,
039
53
,1
91
45
,2
29
81,
459
20,
940
31
,3
78
17
8,
94
4
27
,6
12
5
5
,
7
8
2
3
0
,
5
6
0
1
1
3
,
9
5
4
70
6,
03
3
Poun
ds
1
Prim
ary
Manu
re
Nu
tr
ie
nt
s/
Pr
im
ar
y
Har
ves
ted
Nut
rie
nts
Ac
re
In
de
x
11
5
14
0
96
11
7
10
9
13
3
10
8
13
2
66
80
94
11
5
10
8
13
2
91
11
1
114
139
57
7O
64
78
85
10
4
43
52
13
4
16
3
13
3
16
2
63
77
97
11
8
11
3
13
8
14
9
18
2
11
6
14
1
82
10
0
ki
lo
gr
am
s
(k
g)
=
po
un
ds
(1
b)
he
ct
ar
e
(h
a)
x 0.454
- a
cre
s
(ac
re)
x 0
.40
5
ki
lo
gr
am
s
(k
g)
-
to
ns
(t
on
)
x
90
7.
2
=
to
ns
(t
on
)
x
0.
90
7
met
ric
ton
s
8
3
TABLE 28 Commercial Fertilizer: Use and Nutrient Intensity
Commercial
Primary
Commercial
Fertilizer Primary Nutrients in Commercial Fertilizer
Nutrient/
Fertilizer Percent Harvest/Acre
(N)
(P205)
(K20)
Total
Harvest Acre
(tons) Liquid Lbs. Index tons
2 tons
1 tone
1
Tons
Lbs. Index
PSA 1.1
12,820
24
146
45 2,734 39
2,036 29
2,289 32
7,068 81 53
PSA 1.2
4,040
16
91
28
652 33
633 32
695 35
1,980 45 29
Plan Area 1.0
16,860
22
128
40 3,386 37
2,669 80
2,993 33
9,048 69 45
 
PSA 2.1
234,908
19
211
66 31,936 26 34,278 28 55,741 46
121,955 110 72
PSA 2.2
348,908
37
347
108 60,938 36 45,217 27 61,903 37
168,058 167 109
PSA 2.3
487,799
24
345
107 75,312 33 73,002 32 79,295 35
227,609 161 105
PSA 2.4
75,771
16
307
96 12,252 33 11,880 32 12,996 35
37,128 150 98
Plan Area 2.0 1,147,386
26
304
95 180,438 32 164,377 30 209,935 38
554,750 147 96
PSA 3.1
20,784 16 213 66 3,327 33 3,226 32 3,530 35 10,083 103 67
PSA 3.2
292,473 16 398 124 47,293 33 45,861 32 50,159 35 143,313 195 127
Plan Area 3.0
313,257
16
376
117 50,620 33 49,087 32 53,689 35
153,396 184 120
PSA 4.1
197,618
16
370
115 31,956 33 30,986 32 33,891 35
96,833 181 118
PSA 4.2
651,276
28
343
107 103,808 31 105,889 32 122,129 37
331,826 175 114
PSA 4.3
42,726 2 273 85 5,925 28 7,047 34 7,980 38 ’20,952 134 88
PSA 4.4
71,332
8
301
94 8,401
10,102 37
8,950 32
27,453 116 76
Plan Area 4.0 962,952 23 340 106 150,090 32 154,024 32 172,950 36 477,064 169 110
PSA 5.1
108,277
PSA 5.2
168,436
PSA 5.3
27,360
Plan Area 5.0
304,073
381 119 13,092 31 15,624 37 13,512 32 42,228 149 97
340 106 20,366 31 24,304 37 21,020 32 65,690 133 87
133 41 3,308 31 3,948 37 3,414 32 10,670 52 34
309 96 36,766 31 43,876 37 37,946 32 118,588 120 78
[
\
N
N
N
BASIN
2,744,528 22 321 , 100 421,300 32 414,033 32 477,513 36 1,312,876 153 100
kilograms - pounds (lbs) X 0.453
kilograms - tons (ton) X 907.2
metric tons - tons X 0.907
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P
S
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.5
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P
S
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TABLE 30 Great Lakes Basin Material Usage Inventory
Agricultural
Chemicals,
Manures,
Fertilizers,
Lime and Highway De—lcing Compounds
PLANNING AREA; Great Lakes Water Basin Summrys’rAm:
PLANNING SUBAREA: mm; 191 County Totals
oommz. land area, acres (1) 8222th Nunher I-V
Nunber of farms Acres in 1-1! far-
W
Acres in farms 333m; Cmpland I-V
Croplmd in farm Harvested cropland
Crop Group
Amount
Amoun t
Amount
0; -
Acres
Used
Acres
Used
Acres
Used
25595393
Harvested cropland in farm “13sz I-V
Crop
 
TABLE 2--MANURE FROM WINE
     
Bog & Pig Number Saws Fatmwing
Inventory Dec. l-May 31 June l-Nov. 30
Year Dec. 1 Spring Fall Total
9 4 2160075 263148 218929 5133M
9t 9 25098M+ 225020 22 5881; 150901;
9 2 2552059, 255152 __ 253953 514110
Vet Manure Factor: Tons per litter farrowed 3785970
Vet Manure Defecated: Tons. 1972 19037
Nutrients in Net Manure: Nitrogen, tons 5221; TABLE a.-(;mum) lesm gwwi
Phosphorus , tons 11.316
Potash, tons
Tonnage romp not
Government Govern-ant Total
mu 3—WURE FROM CA'lTLE
Number Cattle and Calves
     
Cows 5 Heifers Heifers, Steers,
Year Total Calved Bulls, Calves
13615 5359820 2529837 2829983
1369 455855]. 2098536 2460017
1172 4815647 2206015 2609632
Vet Manure Factor: Tons
Per Animal B'lh 6'1‘5
Wet Manure Defecated:
Tone Purchased
Ion, 1972 28987031 16832126
He: Manure Defecatad: Tans. 1972 Combined: 45819157
Nutrients in Wet Manure: Nitrogen, tons 257381
Phosphorus. tons 45960 __
Potash, tons
 
 
Sheep 6 Horses 5.
5787 7389 350757 . 296029
27m.528 1421300
or
f
Tons
Nutrients Manure;
Nitrogen, tons
Phosphorus, tons
Potash, tons
Table 8 1
Salts: Applied on all highways, tons: Table 9
Kilograms (kg) = Pounds (lb) x 0.454
Heetare
(ha)
=
Acres
(acre)
x
.4047
K
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x
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c
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c
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c
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p
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p
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b
e
e
m
e
r
g
i
n
g
.
F
o
r
t
h
e
B
a
s
i
n
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a
w
h
o
l
e
,
t
h
e
r
e
w
a
s
a
t
o
t
a
l
of
2
0
,
5
8
8
,
6
7
7
k
i
l
o
g
r
a
m
s
(
4
5
,
4
4
9
,
6
2
0
lb
s)
of
a
g
r
i
c
u
l
t
u
r
a
l
c
h
e
m
i
c
a
l
s
.
H
e
r
b
i
c
i
d
e
s
a
c
c
o
u
n
t
e
d
f
o
r
60
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e
r
—
c
e
n
t
,
i
n
s
e
c
t
i
c
i
d
e
s
25
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e
r
c
e
n
t
,
a
n
d
f
u
n
g
i
c
i
d
e
s
15
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e
r
c
e
n
t
of
t
h
e
c
h
e
m
i
c
a
l
s
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e
d
.
T
h
i
s
a
m
o
u
n
t
s
to
1
.
0
2
k
i
l
o
g
r
a
m
s
(
2
.
6
6
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s)
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c
h
e
m
i
c
a
l
s
a
p
p
l
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e
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p
e
r
a
c
r
e
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h
a
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v
e
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c
r
o
p
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b
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.
0
2
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m
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(
2
.
6
6
l
b
s
)
,
L
a
k
e
M
i
c
h
i
g
a
n
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i
n
g
1
.
2
4
k
i
l
o
g
r
a
m
s
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.7
5
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s)
a
n
d
O
n
t
a
r
i
o
1
.
3
8
k
i
l
o
g
r
a
m
s
(
3
.
0
5
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s)
.
Animal Wastes
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te
d
th
at
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e
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t
ma
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e
Gr
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t
La
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si
n
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ox
im
at
el
y
52
,3
89
,3
31
me
tr
ic
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ns
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7,
74
8,
38
1
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ns
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Of
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ou
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,
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tt
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79
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pe
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e
6
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p
2
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d
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y
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e
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g
3
pe
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en
t.
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e
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y
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1.
2
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e
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l,
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0,
51
3
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(706,033 tons).
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l
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e,
th
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e
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.3
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e
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d
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r
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d
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Commercial Fertilizers
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me
th
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ar
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in
fe
rt
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iz
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(n
it
ro
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n,
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or
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,
an
d
po
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ve
be
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ea
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.
In
19
55
nu
tr
ie
nt
s
re
pr
es
en
te
d
33
pe
rc
en
t
of
fe
rt
il
iz
er
co
mp
os
it
io
n;
in
19
70
th
ey
we
re
46
pe
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en
t.
Th
es
e
ch
an
ge
s
ha
ve
fu
rt
he
r
in
cr
ea
se
d
th
e
la
rg
e
am
ou
nt
s
of
nu
tr
ie
nt
s
ap
pl
ie
d
to
cro
pla
nds
in
the
bas
in.
A t
ota
l o
f 2
,48
9,8
36
met
ric
ton
s
(2,
744
,52
8 t
ons
)
86
of
commercial
fertilizers
were
applied
to
crops
in
the
Great
Lakes
Basin
in
1972.
This
includes
1,191,041 metric
tons
(1,312,879
tons)
of
primary
nu-
trients.
The average amount of commercial fertilizer per harvested acre is
145
kilograms
(321
lbs),
and
primary
nutrients
averaged
69
kilograms
(153
lbs)
per harvested
acre.
The
Lake basin with
the highest
average was
Lake Huron.
Lake
Erie was
second.
followed
closely by
Lakes
Michigan and
Ontario.
The
Lake
Superior
basin uses
the
least
amount
of
commercial
fertilizers,
averag—
ing
only
40
percent
of
the
index
for
fertilizer
and
69 percent
of
the
average
nutrient amount.
Lime
Lime
applied
to
croplands
is
important
in
terms of
its water
quality
impacts due to its effects on the pH level of water and subsequent effects on
the waters' acid—base relationships. The possibility of precipitating phos-
phorous in the water and altering calcium content is also likely.
A total of 1,323,606 metric tons (1,459,001 tons) of limestone was used
in the Great Lakes Basin in 1972. The average amount of lime used for the
Basin was 31 kilograms per harvested hectare (171 lbs/harvested acre).
The
Lake Superior basin used the greatest amount, 44.5 kilograms per harvested
hectare (243 lbs/harvested acre), with LakeOntario being second. The Lake
Michigan and Erie basins followed_closely with the Lake Huron basin using the
least amount of lime on croplands, 6.2 kilograms per harvested hectare (34
lbs/harvested acre).
Salts
Due to climatic conditions in the Basin, road de—icing salts are required
to keep major roadways clear during the winter. However, the use of salts may
have an impact upon ground and surface water areas. Assuming that chlorides
are conservative and that ion exchange between chlorides and various soil
types are minimal, most of the chlorides will eventually reach ground and sur-
face water areas. Alternative substances have been sought, but none have
proven economically feasible. Methods of conserving the amounts used are also
being implemented.
The 1972—73 application of road salts totaled 1,556,625 metric tons
(1,715,856 tons). The Lake basin using the greatest amount was Lake Erie,
which used more than one and one—half times the Basin average (31.3 kilograms
0r 69.1 lbs per acre of total land area). Lake Ontario basin was second
followed closely by the Lake Michigan, Huron, and Superior basins.
MATERIALS USAGE TRENDS
Agricultural Chemicals
It is projected that total amounts of insecticide used may be no larger
in 10 years than now. Insecticide use may even decrease as much as 5 to 50
87
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p
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c
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c
e
n
t
i
n
c
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c
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c
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c
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p
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in
a
n
o
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h
e
r
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s.
T
h
i
s
r
e
p
r
e
s
—
en
ts
an
ov
er
al
l
in
cr
ea
se
at
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e
ra
te
of
ab
ou
t
on
e
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en
t
a
ye
ar
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Lime
Mo
st
so
il
sc
ie
nt
is
ts
fe
el
th
at
th
e
am
ou
nt
of
li
me
ap
pl
ie
d
fr
om
ye
ar
to
ye
ar
wi
ll
va
ry
.
Th
ey
pr
oj
ec
t
th
at
th
e
an
nu
al
am
ou
nt
10
ye
ar
s
fr
om
no
w
ma
y
be
about the same as at present.
Salts
In
r
e
c
e
n
t
ye
a
r
s
the
trend
has
b
e
e
n
to
increase
the
amount
of
salts
used.
This
is
in
part
due
to
the
fact
that
the
public
has
looked
with
favor
on
what
is
termed
the
"bare
pavement
policy."
However,
the
cost
of
salt
has
been
increasing
substantially
and
the
budgets
for
road
de—icing
have
tended
to
remain about the same.
Therefore,
it
is
projected
that
the
amount
of
salts
applied
will
most
likely
remain
at
approximately
present
rates
over
the
next
10
years.
It
is
felt
that
some
tonnage
increases
will
probably
occur,
but
will
be
only
in
proportion
to
the
increase
in
road
mileage.
METHODOLOGY
General
A
county
summary
report
has
been
prepared
for
all
counties
where
census
and
other
information
is
reported.
This
information
was
available
for
187
of
the
191
counties
in
the
Great
Lakes
Basin.
The
county
information
was
combined
into
Great
Lakes
Basin
planning
subareas
and
then
in
turn
into
the
five
Lake
basin
reports
which
collectively
represent
the
total
Basin
Summary.
Wide
variations
exist
between
the
counties,
subareas,
and
Lake
basins.
For
purposes
of
discussion
and
in
order
to
facilitate
comparisons,
it
was
necessary
to
develop
some
indices
that would
be
common
to all
groupings.
It was
decided
to base
the
indices
on
the acres
of
harvested
crops.
The
acres
of
harvested
crops
are
the agricultural
figures
easiest
to find
and
are
those reported in most detail.
The items considered in this study—-chemicals,
fertilizers,
and
lime
used
and
the
livestock
producede-are
all
intimately
linked to crops harvested.
It is acknowledged that where a livestock program
makes use of non-cropland for pasture the manure rates per acre of harvested
crops will correspondingly overstate the intensity of use.
Manure rates shown
here are generally well within the limits of intensity developed by the U.S.
Environmental Protection Agency.
Only one item, road de—icers, is not linked
to harvested crop areas.
In this study road salt usage was instead linked to
total
land
acres
to
indicate
intensity
of
use.
Definition of Terms
Following are the terms and indices that will be used in the discussion
of materials usage:
1. Pounds of chemicals per harvested crop acre. Pounds of herbicides,
insecticides, and fungicides applied per acre of harvested cropland.
2. Chemical use index. This index compares the pounds of chemical used
in a subarea or area with the average use in the ovarall Basin. For
example, 1.21 kilograms (2.66 pounds) of chemicals were used per har—
vested crop acre in the entire Great Lakes Basin. However, in the
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Index of lime applied per harvested crop acre.
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a.
Index of road de-icers used per acre of total land area.
Conversions to the metric system used in this report were:
To C
onve
rt F
rom
To
Mult
iply
By
Pounds (1b) Kilograms (kg) 0.454
Acres (acre) Hectares (ha) 0.405
Tons (ton) Kilograms (kg) 907.2
Tons (ton) Metric Tons 0.907
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 TABLE
31
Quantitites
of
Selected
Pesticides
Used
by
U.S.
Farmers,
1966
and
1971
1
   
1966
1971
Total
Lbs.
Total
Lbs.
Percent
Percen
'
Pesticide
(millions)
(millions)
of
Total
fro;
Egzzge
U2e3f0:02::ps
Herbicides
116
228
27
+98
99
Insecticides
149
170
21
+14
91
Fungicides
33
41
5
+27
95
(excluding sulfur)
Miscellane0us
56
55
7
—2
as
pesticides
Sulfur
57
112
13
+96
100
Petroleum
92
222
27
+141
92
TOTAL
503
828
100
+65
92
Kilograms (kg) = Pounds (1b) x 0.454
Agricultural Chemicals
Nationwide Chemical Usage
A national study was conducted by the United States Department of Agriv
culture
in 1971
regarding
the
quantities
of pesticides
used
in the
United
States.1 The study showed a total of 376 million kilograms (828 million pounds)
of pesticides used. There were 224 million kilograms (494 million pounds)
classified as herbicides, insecticides, fungicides, or miscellaneous pestic—
ides. The other 152 million kilograms (334 million pounds) were sulfur and
petroleum. Current pesticide reports will include most sulfur and petroleum in
the herbicide, insecticide, and fungicide classes. In addition to the above
pesticides used by farmers as shown in the report, there were about 154 mil—
lion kilograms (339 million pounds) used by the government, industry, and home-
owners. Table 31 shows the amounts and percentages of the various pesticides
used in the production of crops according to this study.
Herbicides are those pesticides used to destroy or inhibit plant growth,
insecticides are those used to control insects, while fungicides are those
pesticides used to control various fungi. The U.S.D.A. Study shows that herb-
icides represented 27 percent, insecticides 21 percent, and fungicides (exclu—
ding SUlfur) 5 percent for a combined total of 53 percent of the total pesti-
cides
used
by
farmers
in
1971.
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em
ic
al
s
no
w
in
co
mm
on
us
e
wi
ll
pr
ac
ti
ca
ll
y
di
sa
pp
ea
r
an
d
th
e
ne
w
on
es
ha
vi
ng
lo
w,
if
an
y,
re
si
du
es
wi
ll
be
em
er
gi
ng
.
ki
lo
gr
am
s
(k
g)
=
to
ns
(t
on
)
x
90
7.
2
kilograms (kg) = pounds (1b) x 0.454
=
me
tr
ic
to
ns
to
ns
(t
on
)
x
0.
90
7
hectare (ha) acres (acre) x 0.405
94
 T
A
B
L
E
3
2
c
o
n
t
i
n
u
e
d
Percent Pounds
Acres Per
Cr
op
(s
)
Ty
pe
Tr
ea
te
d
Ac
re
So
me
of
th
e
Ma
jo
r
Ch
em
ic
al
s
Us
ed
Pe
ac
he
s
H
60
4.
00
Si
ma
zi
ne
,
Pa
ra
qu
at
,
Te
rb
ac
il
,
Dichlobenil
I
74
6.0
0
Gut
hio
n,
Sev
in,
Par
ath
ion
, T
hio
dan
,
Imidan
F 74 6.00 Benomyl, Sulfur, Dichlone
Pea
rs
H
40
5.0
0
Sim
azi
ne,
Par
aqu
at,
Dic
hlo
ben
il,
Diuron
I
94
8.0
0
Gut
hio
n,
Thi
oda
n,
Par
ath
ion
,
Imidan, Sevin, Perthane
F
94
1.0
0
Fer
bam
,
Str
ept
omy
cin
,
Bor
dea
ux
(copper)
Pr
un
es
an
d
pl
um
s
H
40
3.
00
Si
ma
zi
ne
,
Pa
ra
qu
at
,
Di
ch
lo
be
ni
l
I
84
5.
00
Gu
th
io
n,
Im
id
an
,
Pa
ra
th
io
n
F
84
5.
00
Be
no
my
l,
Di
ch
lo
ne
l
Su
lf
ur
St
ra
wb
er
ri
es
H
10
0
10
.0
0
Di
ph
en
am
id
,
DC
PA
,
Ch
lo
ro
xu
ro
n
I
90
12
.5
0
Ca
pt
an
,
Th
io
da
n
F
10
0
10
.0
0
Ca
pt
an
,
Be
nl
at
e
Bl
ue
be
rr
ie
s
H
85
5.
00
Si
ma
zi
ne
,
Di
ur
on
,
Di
ch
lo
be
ni
l,
Paraquat
I
85
3.
25
Gu
th
io
n,
Ma
la
th
io
n
F
10
0
41
.0
0
Ca
lc
iu
m
Cy
an
am
id
,
DN
OS
BP
Gr
ap
es
H
80
4.
00
Si
ma
zi
ne
,
Pa
ra
qu
at
,
Di
ur
on
,
Dichlobenil
I
90
51
.0
0
Fo
lp
et
,
Fe
rb
am
,
Gu
th
io
n,
Ca
pt
an
,
Parathion
F
10
0
17
.5
0
Fe
rb
am
,
Ph
al
ta
n
Sw
ee
t
co
rn
H
10
0
2.
00
At
ra
zi
ne
,
Al
ac
hl
or
,
Bu
ty
la
te
,
Cyanazine, 2, 4—D
I
8
0
1
3
.
5
0
P
a
r
a
t
h
i
o
n
,
S
e
vi
n
,
L
a
n
n
a
t
e
,
G
a
r
d
o
n
a
,
EPM, Dieldrin, Dylox
F
1
0
0
.1
0
T
h
i
r
a
m
or
C
a
p
t
a
n
C
a
n
t
a
l
o
u
p
e
H
80
6
.
0
0
N
a
p
t
a
l
a
m
,
B
e
n
s
u
l
i
d
e
I
5
0
2
.
0
0
M
e
t
h
o
x
y
c
h
l
o
r
,
S
e
v
i
n
,
T
h
i
o
d
a
n
,
Phosphamidon
F
9
0
1
0
.
0
0
D
i
t
h
i
o
c
a
r
b
a
m
a
t
e
s
,
B
r
a
V
o
,
C
o
p
p
e
r
s
,
Thiram/Captan
A
s
p
a
r
a
g
u
s
H
1
0
0
4
.
0
0
S
i
m
a
z
i
n
e
,
D
i
u
r
o
n
,
D
a
l
a
p
o
n
,
2,
4
-
D
I
9
0
3
.
0
0
S
e
v
i
n
,
D
i
e
l
d
r
i
n
,
M
e
t
h
o
x
y
c
h
l
o
r
,
Malathion
F
5
0
5
.
0
0
D
i
t
h
i
o
c
a
r
b
a
m
a
t
e
s
,
T
h
i
r
a
m
/
C
a
p
t
a
n
k
i
l
o
g
r
a
m
s
(
k
g
)
=
p
o
u
n
d
s
(
1
b
)
x
0
.
4
5
4
k
i
l
o
g
r
a
m
s
(
k
g
)
t
o
n
s
(
t
o
n
)
x
9
0
7
.
2
hectare (ha)
a
c
r
e
s
(
a
c
r
e
)
x
0
.
4
0
5
m
e
t
r
i
c
t
o
n
s
t
o
n
s
(
t
o
n
)
x
0
.
9
0
7
  
  
   
TABLE 32 continued
Percent Pounds
Acres Per
Cr
op
(s
)
Ty
pe
Tr
ea
te
d
Ac
re
So
me
of
th
e
Ma
jo
r
Ch
em
ic
al
s
Us
ed
Sna
p b
ean
s
H
90
2.0
0
EPT
C,
Tri
flu
ral
in,
Din
ose
b,
Chloramben
I
50
6.
00
Se
vi
n,
Pa
ra
th
io
n,
Di
az
in
on
,
Dimethoate
F
75
5.0
0
Dit
hio
car
bam
ate
s,
Bra
vo,
Cop
per
s,
Thiram/Captan
Ca
bb
ag
e
H
10
0
3.
00
Tr
if
lu
ra
li
n,
Ni
tr
of
en
,
DC
PA
I
100
4.5
0
Gut
hio
n,
Dia
zin
on,
Lan
nat
e,
Monitor, Thiodan, BT
F
75
7.0
0
Dit
hio
car
bam
ate
s,
Bra
vo,
Cop
per
s,
Thiram/Captan
Ca
rr
ot
s
H
10
0
2.
00
Li
nu
ro
n,
Ni
tr
of
en
I
100
8.7
5
Sev
in,
Par
ath
ion
,
Dia
zin
on
F
75
10.
00
Dit
hio
car
bam
ate
s,
Bra
vo,
Cop
per
s,
Thiram/Captan
Ca
ul
if
lo
we
r
H
10
0
3.
00
Tr
if
lu
ra
li
n,
Ni
tr
of
en
I 100 4.50 Guthion, Diazinon, Lannate,
Monitor, Thiodan, BT
F 75 7.00 Dithiocarbamates, Bravo, Coppers,
Thiram/Captan
Cuc
umb
ers
H
100
6.0
0
Nap
tal
am,
Ben
sul
ide
,
Chl
ora
mba
n,
Dinoseb
I
50
3.0
0
Met
hox
ych
lor
,
Sev
in,
Die
ldr
in,
Parathion
F 50 10.00 Dithiocarbamates, Bravo, Coppers,
Thiram/Captan
Let
tuc
e
H
100
6.0
0
CDE
C,
Chl
orp
rop
ham
I 100 18.00 Sevin, Parathion, Lannate,
Thiodan, BT
F 75 8.00 Dithiocarbamates, Thiram/Captan
Onions ' H 100 12.00 CDAA, Chlorpropham, Nitrofen,
Chloroxuron
I 100 6.00 Dasanit, Dyfonate, Diazinon,
Parathion, Malathion
F 75 10.00 Dithiocarbamates, Bravo,_Coppers,
Thiram/Captan
Green peppers H 100 3.00 Trifluralin, Diphenamid
I 100 35.00 Sevin, Dibrom, Systox, Dimethoate,
Diazinon
F 50 10.00 Dithiocarbamates, Coppers,
Thiram/Captan
kilograms (kg) = pounds (lb) x 0.454 kilograms (kg) = tons (ton) x 907-2
heCt
are
(ha)
= ac
res
(acr
e) x
0.40
5
metr
ic t
ons
= to
ns
(ton
) x
0.90
7
96
_
—
—
—
#
h
 T
A
B
L
E
3
2
C
o
n
t
i
n
u
e
d
Percent Pounds
Acres Per
Cro
p(s
)
Typ
e
Tre
ate
d
Acr
e
Som
e
of
the
Maj
or
Che
mic
als
Use
d
To
ma
to
es
H
10
0
3.
00
Tr
if
lu
ra
li
n,
Di
ph
en
am
id
,
Ch
lo
ra
mb
en
I
25
1.5
0
Dia
zin
on,
Lan
nat
e,
BT,
Gut
hio
n,
Thiodan
F
90
10.
00
Dit
hio
car
bam
ate
s,
Cop
per
,
Bra
vo
Ce
le
ry
H
10
0
3.
00
CD
EC
,
Ni
tr
of
en
,
Pr
om
et
ry
ne
,
Linuron
I
10
0
18
.0
0
Se
vi
n,
Pa
ra
th
io
n,
Sy
st
ox
,
Di
br
om
,
Phosdrin
F
10
0
16
.0
0
Di
th
io
ca
rb
am
at
es
,
Co
pp
er
,
Br
av
o,
Dyrene
Gr
ee
n
pe
as
H
10
0
2.
00
Pr
op
ac
hl
or
,
Di
no
se
b,
Tr
if
lu
ra
li
n
I
10
0
2.
00
Pa
ra
th
io
n,
Sy
st
ox
,
Di
me
th
oa
te
,
Malathion, Diazinon
F
50
6.
00
Di
th
io
ca
rb
am
at
es
,
Co
pp
er
,
Br
av
o
Wa
te
rm
el
on
H
80
6.
00
Na
pt
al
am
,
Be
ns
ul
id
e
I
50
2.
00
Me
th
ox
yc
hl
or
,
Se
vi
n,
Th
io
da
n,
Phosphamidon
F
50
10
.0
0
Di
th
io
ca
rb
am
at
es
,
Br
av
o,
Co
pp
er
s,
Thiram/Captan
k
i
l
o
g
r
a
m
s
(k
g)
=
p
o
u
n
d
s
(l
b)
x
0
.
4
5
4
k
i
l
o
g
r
a
m
s
(k
g)
t
o
n
s
(t
on
)
x
9
0
7
.
2
hectare (ha)
a
c
r
e
s
(a
cr
e)
x'
0.
40
5
me
tr
ic
to
ns
to
ns
(t
on
)
x
0.
90
7
T
h
e
r
a
t
i
o
s
of
v
e
g
e
t
a
b
l
e
a
c
r
e
a
g
e
s
i
n
t
h
e
B
a
s
i
n
S
t
a
t
e
s
i
n
1
9
7
2
c
o
m
p
a
r
e
d
to
1969 were as follows:
Michigan, 1.07.
ea
ch
co
un
ty
in
th
e
19
69
Ce
ns
us
,
p
e
r
a
c
r
e
f
o
r
e
a
c
h
S
t
a
t
e
p
r
o
v
i
d
e
s
t
h
e
p
o
u
n
d
s
of
h
e
r
b
i
c
i
d
e
s
,
N
e
w
Y
o
r
k
,
0
.
8
5
1
5
9
,
9
7
4
h
e
c
t
a
r
e
s
,
19
69
,
5
1
,
1
5
0
h
e
c
t
a
r
e
s
(
1
2
6
,
3
0
0
a
c
r
e
s
)
i
n
1
9
7
2
]
;
O
h
i
o
,
I
l
l
i
n
o
i
s
,
0
.
8
5
;
M
i
n
n
e
s
o
t
a
,
1
.
0
7
;
W
i
s
c
o
n
s
i
n
,
1.
00
;
P
e
n
n
s
y
l
v
a
n
i
a
,
(
1
4
8
,
0
8
4
a
c
r
e
s
)
i
n
0
.
8
8
;
I
n
d
i
a
n
a
,
0
.
8
2
;
0.72; and
T
h
e
S
t
a
t
e
r
a
t
i
o
t
i
m
e
s
t
h
e
t
o
t
a
l
v
e
g
e
t
a
b
l
e
a
c
r
e
a
g
e
,
s
h
o
w
n
i
n
times the
fu
ng
ic
id
es
re
sp
ec
ti
ve
ly
us
ed
on
ve
ge
ta
bl
e
Chemical Usage for Fruits
c
o
m
p
o
s
i
t
e
v
e
g
e
t
a
b
l
e
c
h
e
m
i
c
a
l
r
a
t
e
s
i
n
s
e
c
t
i
c
i
d
e
s
,
a
n
d
s
i
n
e
a
c
h
c
o
u
n
t
y
i
n
1
9
7
2
.
A
s
i
m
i
l
a
r
p
r
o
c
e
d
u
r
e
t
o
t
h
a
t
u
s
e
d
w
i
t
h
v
e
g
e
t
a
b
l
e
s
w
a
s
f
o
l
l
o
w
e
d
f
o
r
f
r
u
i
t
.
Th
e
re
ce
nt
ac
re
s
of
fr
ui
t
cr
op
s
by
co
un
ty
wa
s
wa
s
no
fr
ui
t
in
th
e
Mi
nn
es
ot
a
co
un
ti
es
.
d
uc
t
i
o
n
f
i
g
ur
e
s
,
s
t
a
t
e
d
n
o
t
in
ac
re
s
b
u
t
in
p
o
un
d
s
or
to
ns
,
w
e
r
e
fi
rs
t
co
n—
ve
rt
ed
to
ac
re
s
of
fr
ui
t
cr
op
s
us
in
g
av
er
ag
e
yi
el
ds
a
v
a
i
l
a
b
l
e
i
n
M
i
c
h
i
g
a
n
,
a
n
d
t
h
e
r
e
I
n
t
h
e
o
t
h
e
r
S
t
a
t
e
s
t
h
e
f
r
u
i
t
p
r
o
—
a
s
t
h
e
d
i
v
i
s
o
r
s
.
T
h
e
c
h
e
m
i
c
a
l
u
s
a
g
e
r
a
t
e
s
p
e
r
a
c
r
e
w
e
r
e
t
h
e
n
a
p
p
l
i
e
d
to
t
h
e
s
e
a
c
r
e
s
to
d
e
v
e
l
o
p
co
mp
os
it
e
ch
em
ic
al
us
e
ra
te
fi
gu
re
s
pe
r
ac
re
97
 
b
y
S
t
a
t
e
f
o
r
h
e
r
b
i
c
i
d
e
s
,
    
T
A
B
L
E
3
3
W
i
s
c
o
n
s
i
n
V
e
g
e
t
a
b
l
e
A
c
r
e
s
f
o
r
1
9
7
2
a
n
d
C
h
e
m
i
c
a
l
s
A
p
p
l
i
e
d
T
o
t
a
l
P
o
un
d
s
of
C
h
e
m
i
c
a
l
s
A
p
p
l
i
e
d
at
th
e
 
T
o
t
a
l
R
a
t
e
s
S
h
o
w
n
in
R
a
t
e
T
a
b
l
e
a
V
e
g
e
t
a
b
l
e
A
c
r
e
s
H
e
r
b
i
c
i
d
e
s
I
n
s
e
c
t
i
c
i
d
e
s
F
u
n
g
i
c
i
d
e
s
C
a
n
t
a
l
o
u
p
e
5
0
0
‘
2
,
4
0
0
5
0
0
4
,
5
0
0
G
r
e
e
n
P
e
a
s
1
2
2
,
2
0
0
2
4
4
,
4
0
0
2
4
4
,
4
0
0
3
6
6
,
6
0
0
O
n
i
o
n
s
1
,
5
0
0
1
8
,
0
0
0
9
,
0
0
0
1
1
,
2
5
0
C
u
c
u
m
b
e
r
s
9
,
0
0
0
5
4
,
0
0
0
1
3
,
5
0
0
4
5
,
0
0
0
C
a
b
b
a
g
e
8
,
6
0
0
2
5
,
8
0
0
3
8
,
7
0
0
4
5
,
1
5
0
S
w
e
e
t
C
o
r
n
1
1
3
,
5
0
0
2
2
7
,
0
0
0
1
,
2
2
5
,
8
0
0
1
1
,
3
5
0
T
o
m
a
t
o
e
s
1
,
0
0
0
3
,
0
0
0
3
7
5
9
,
0
0
0
S
n
a
p
B
e
a
n
s
4
5
,
5
0
0
8
1
,
9
0
0
1
3
6
,
5
0
0
1
7
0
,
6
2
5
C
a
r
r
o
t
s
2
,
3
0
0
4
,
6
0
0
2
0
,
1
2
5
1
7
,
2
5
0
L
e
t
t
u
c
e
9
0
0
5
,
4
0
0
1
7
,
1
0
0
5
,
4
0
0
T
O
T
A
L
3
0
5
,
0
0
0
6
6
6
,
5
0
0
1
,
7
0
6
,
0
0
0
6
8
6
,
1
2
5
Rate per
a
c
r
e
,
1
b
s
.
-
—
-
2
.
1
8
5
5
.
5
9
3
2
.
2
5
0
a
I
n
d
e
t
e
r
m
i
n
i
n
g
t
h
e
_
t
o
t
a
1
a
m
o
u
n
t
s
of
h
e
r
b
i
c
i
d
e
s
,
i
n
s
e
c
t
i
c
i
d
e
s
a
n
d
f
u
n
g
i
c
i
d
e
s
us
e
d
,
t
h
e
r
a
t
e
s
p
e
r
a
c
r
e
s
h
o
w
n
i
n
T
a
b
l
e
32
h
a
v
e
b
e
e
n
a
p
p
l
i
e
d
o
n
l
y
to
t
h
o
s
e
a
c
r
e
s
t
r
e
a
t
e
d
,
n
o
t
to
t
o
t
a
l
a
c
r
e
s
.
T
h
e
r
a
t
e
s
p
e
r
a
c
r
e
s
h
o
w
n
i
n
t
h
i
s
t
a
b
l
e
c
a
n
b
e
a
p
p
l
i
e
d
to
t
o
t
a
l
a
c
r
e
s
as
t
h
e
s
e
r
a
t
e
s
h
a
v
e
b
e
e
n
p
r
o
p
o
r
t
i
o
n
a
t
e
l
y
r
e
-
duced.
k
i
l
o
g
r
a
m
s
(k
g)
=
p
o
un
d
s
(1
b)
X
0
.
4
5
4
h
e
c
t
a
r
e
s
(h
a)
=
ac
re
s
(a
cr
e)
X
0.
40
5
in
se
ct
ic
id
es
,
an
d
fu
ng
ic
id
es
us
ed
on
fr
ui
t.
Th
e
fr
ui
t
ac
re
s
in
ea
ch
co
un
ty
do
no
t
ex
pe
ri
en
ce
gr
ea
t
fl
uc
tu
at
io
ns
an
nu
al
ly
,
li
ke
ve
ge
ta
bl
e
ac
re
ag
es
.
Th
er
ef
or
e,
it
wa
s
as
su
me
d
th
at
fr
ui
t
ac
re
s
pe
r
co
un
ty
in
19
72
we
re
th
e
sa
me
as
in
19
69
.
Th
e
co
mp
os
it
e
ch
em
ic
al
us
e
ra
te
s
pe
r
ac
re
de
te
rm
in
ed
ab
ov
e
we
re
ap
pl
ie
d
to
th
e
co
un
ty
fr
ui
t
ac
re
ag
e
to
de
te
rm
in
e
th
e
to
ta
l
qu
an
ti
ti
es
of
he
rb
ic
id
es
,
in
se
ct
ic
id
es
,
an
d
fu
ng
ic
id
es
us
ed
in
a
co
un
ty
.
Th
e
co
mp
os
it
e
fi
gu
re
s
fo
r
th
e
am
ou
nt
s
of
ch
em
ic
al
s
us
ed
pe
r
ac
re
of
be
ar
in
g
fr
ui
t
ar
e
sh
ow
n
in
Ta
bl
e
34.
98
TABLE
34
Pounds
of
Chemicals
Applied
Per
Acres
Bearing
Fruit
 
State
Herbicides
Insecticides
Fungicides
New
York
4.593
21.109
22.308
Pennsylvania
4.583
16.261
21.860
Illinois
4.800
10.400
25.800
Wisconsin
4.596
9.084
21.327
Ohio
4.663
18.444
25.156
Indiana
4.840
10.962
28.392
Kilograms (kg) = Pounds (lb) x 0.454
Hectares (ha) = Acres x 0.405
Animal Wastes
Information from researchers provided the estimates of the tons of
manure defecated from dairy cows, hogs, steers, and sheep of certain weights
over a fixed time span. Both United States and State census and crop
reporting publications provided information on the number of livestock.
Manure defecation factors were then developed for various classes of livestock
so that the livestock numbers could be directly converted into tons of manure
defecated. After the manure quantities for all kinds of livestock were deter—
mined, the quantities of primary nutrients--nitrogen, phosphorous, and potash-—
in the manure were then derived.
The respective tons of animal manure multiplied by the pounds of each
primary nutrient per ton of manure produced from livestock, divided by 2000,
gives the tons of primary nutrients. This procedure was simplified by using
Table 35.
Commercial Fertilizers
Commercial fertilizer consumption in this study represents all commercial
fertilizer materials or products sold or shipped for farm and nonfarm use as
fertilizer. Materials used in the manufacturing of registered mixes or for
uses other than fertilizer are excluded. The U.S. Department of Agriculture
and the statistical reporting services for each of the eight States publish
annual summaries containing this information. County fertilizer statistics
are more limited.
The
fert
iliz
er u
sed
on C
lass
I—V
farm
s by
coun
ties
is a
vail
able
from
the
1969 U.S. Census of Agriculture. Fertilizer usage for 1972 was available from
both the U.S. Department of Agriculture and the Tennessee Valley Authority.
Information on distribution—-whether bagged, bulk, or liquid-—as well as the
Pri
mar
y n
utr
ien
t
ton
nag
es
was
als
o a
vai
lab
le.
Thi
s m
ade
it
pos
sib
le
to
cal
—
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TA
BL
E
35
An
im
al
Ma
nu
re
Mu
lt
ip
li
er
s
Tons of Nutrient
Tons of Nutrients
Ki
nd
of
Li
ve
st
oc
k
x,
Pe
r
To
n
of
Ma
nu
re
=
Sw
in
e
x
.0
05
0
=
To
ns
of
ni
tr
og
en
Sw
in
e
x
.0
01
4
=
To
ns
of
ph
os
ph
or
us
Sw
in
e
X
.0
03
8
=
To
ns
of
po
ta
sh
Ca
tt
le
x
.0
05
6
=
To
ns
of
ni
tr
og
en
Ca
tt
le
x
.0
01
0
=
To
ns
of
ph
os
ph
or
us
Ca
tt
le
x
.0
05
0
=
To
ns
of
po
ta
sh
Sh
ee
p
x
.0
14
0
=
To
ns
of
ni
tr
og
en
Sh
ee
p
x
.0
02
1
=
To
ns
of
ph
os
ph
or
us
Sh
ee
p
x
.0
10
0
=
To
ns
of
po
ta
sh
Ho
rs
es
x
.0
06
9
=
To
ns
of
ni
tr
og
en
Ho
rs
es
x
.0
01
0
=
To
ns
of
ph
or
ph
or
us
Ho
rs
es
X
.0
06
0
=
To
ns
of
po
ta
sh
Po
ul
tr
y
x
.0
15
6
=
To
ns
of
ni
tr
og
en
Po
ul
tr
y
x
.0
04
0
=
To
ns
of
ph
or
ph
or
us
Po
ul
tr
y
x
.00
35
=
To
ns
of
po
ta
sh
pounds (1b) x 0.454
tons (ton) x 907.2
acres (acre) x 0.405
X 0.907
kilograms (kg)
kilograms (kg)
hectare (ha)
metric tons = tons (ton)
cu
la
te
th
e
to
ns
of
fe
rt
il
iz
er
us
ed
,
th
e
ty
pe
(w
he
th
er
li
qu
id
or
dr
y)
,
an
d
th
e
am
ou
nt
s
of
th
e
re
sp
ec
ti
ve
pr
im
ar
y
nu
tr
ie
nt
s
us
ed
.
Lime
Li
me
us
ag
e
in
fo
rm
at
io
n
wa
s
no
t
re
ad
il
y
av
ai
la
bl
e
fr
om
ei
th
er
th
e
US
DA
Ag
ri
cu
lt
ur
al
St
at
is
ti
cs
Re
po
rt
s
or
fr
om
mo
st
of
th
e
St
at
e
st
at
is
ti
ca
l
re
po
rt
-
in
g
se
rv
ic
es
.
Th
e
US
DA
St
ab
il
iz
at
io
n
an
d
Co
ns
er
va
ti
on
of
fi
ce
s
pr
ov
id
ed
in
fo
-
rm
at
io
n
sh
ow
in
g
th
e
to
ns
th
at
th
e
go
ve
rn
me
nt
co
st
—s
ha
re
d
in
ea
ch
st
at
e,
bu
t
no
t
the total tons applied.
Salts
Th
e
Mi
ch
ig
an
Hi
gh
wa
y
De
pa
rt
me
nt
pr
ov
id
ed
in
fo
rm
at
io
n
fr
om
th
ei
r
fi
le
s
sho
win
g
the
ton
s
of
roa
d d
e-i
cin
g
sal
ts
pur
cha
sed
thr
oug
h
the
Mi
ch
ig
an
Sta
te
Hig
hwa
y
Dep
art
men
t
and
use
d
in
eac
h
of
the
83
Mic
hig
an
cou
nti
es
for
yea
r
197
2—7
3.
It
was
the
opi
nio
n o
f M
ich
iga
n h
igh
way
off
ici
als
tha
t t
hes
e s
ale
s
100
represent
100
percent
of
the
salts
used
on
Federal
and
State
highways
in
a
county,
about
50
percent
of
that
used
on
county
roads,
and
about
30
percent
of that used
bymunicipalities within a county.
Therefore,
to obtain the
total
amount
used,
the
county
purchases
were
doubled,
the municipal
purchases
were multiplied by
3.33,
and
these
sums were
then
added
to
the state
purchases.
Michigan highway
officials
believe
this represents
the most
reasonable
app-
roach
to
estimating
the
total
tonnage
applied.
With
these relationships
established and the information provided for each county, the total tons
applied
on
all
highways
in
the
counties
for
1972-73
was
established.
This
figure
is
shown
in each
county
report along
with
the
quantity
of
State
pur—
chased salts for each county.
It
was
possible
to
obtain
county
information
for
three
years.
1970-71
1971—72,
1972—73, and to obtain the "Tons of Salts Applied Per 'E1 miles of
Highway” figures
for each of these 3 years.
An 'E' mile of highway is
equivalent to a mile of two—lane highway.
The procedure used in Michigan to determine the total salt tons applied
per county was applied
to other counties in the other Basin states and it is
believed that the results do represent to a reasonable degree the level of
salts applied in the Great Lakes Basin.
The index, developed to show the
pounds of road salts used in a planning subarea as compared to the U.S. Great
Lakes Basin as a whole, used the per acre relationship to the total land
area and not the per harvested acre
of cropland.
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Department
of
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Michigan
Equine
Survey,
1972,
June
1973.
(The
County
figures
for
1972
were
updated
by
Dr.
Richard
Dunn
of
Michigan
State
University
and
reported
in
MSU
Farm
Science
185.)
19.
Richard
Dunn,
Michigan
State
University
Specialist,
provided
these
estimates.
20.
Estimates
submitted
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poultry
specialists.
21.
Poultry
specialists
recommend
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same
percentages
as
for
chickens.
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 FUTURE TRENDS
The detailed study plan of February 1974 for the International Ref—
erence Group on Great Lakes Pollution from Land Use Activities (PLUARG)
called for an inventory of land use and land use practices with emphasis
on certain trends and projections to 1980 and, if possible, to 2020. This
section presents what are felt to be the major trends in demographic and
economic activities, land uses, specialized land uses, and materials
usages for the Great Lakes Basin in the near future.
The general purpose of this section is to provide to the PLUARG
effort an indication as to the direction specialized land uses and materials
usage may take in the forthcoming decades. The findings are summarized in
order to provide the background for determining the magnitude of water
quality problems likely to result from these activities in the near future.
In order to provide a general frame of reference to the study, demogra-
phic and economic activities based upon the revised OBERS Series C and
unpublished Series E projections were utilized. These provided what were
felt to be reasonable upper and lower limits within which the population
and economic growth in the Great Lakes Basin will fall within the next
several decades. In so doing, the demographic and economic projections
provide the setting in which subsequent projections of major land uses,
specialized land uses, and materials usages were made. The last portion of
this section summarizes the methodologies used and the rationale underlying
the development of these projections.
SUMMARY AND CONCLUSIONS
The Great Lakes Basin presently contains nearly 15 percent of the
nation's population and represents about 4 percent of the total land area.
As a result, population density is almost 4 times greater than the national
average. Much of this population mass is centered around the Chicago,
Detroit, Milwaukee, and Cleveland metropolitan areas. Industrial product—
ion is also clustered here, and the Basin employs about one—fourth of the
nation's manufacturing work force.
Due to this urban—industrial concentration, both the demographic and
economic trends for the Great Lakes Region relate closely to national trends.
Based on the OBERS Series E population rate, total U.S. population is projected
to increase 46 percent between 1970 and 2020, while that of the Great Lakes
Will increase about 38 percent. In Series C, the United States population
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increase will be 98 percent, while that for the Great Lakes will be 95 percent.
Projected earnings increases will also be below the national average, re—
flecting the assumption that regional per capita income will converge toward
the national average, thus indicating a relative downward movement for the
Great Lakes Region.
In either projection series, changes in specialized land uses and mater—
ials usages are not directly dependent upon economicand demographic trends.
Specialized land use trends depend, in addition, upon available technologies,
land characteristics, and specific economic factors which many times are not
related to the larger regional economy. The economic aspects of current
agricultural practices will determine to a great extent the trends in the types
and levels of materials used throughout the Great Lakes Basin in the next de-
cades.
An important feature of the Great Lakes Basin is its wide diversity of
land forms, land uses, and population concentration. Water quality impacts
in terms of changing economic and demographic activities, land use, special-
ized land usepractices, and materials usage levels canhave moderate to
severe local impacts depending upon local conditions.
DEMOGRAPHIC, ECONOMIC, AND LAND USE CHARACTERISTICS
The categories contained in this section include the resident population
levels, major economic activity sectors (agriculture, mining, construction,
manufacturing,
transportation and public utilities, trade, finance, services,
and government) and major land use activities (urban land, cropland, pasture,
forests, and other lands). The aim is to provide a general picture of what
the future may be for these three categories. While not exhaustive in detail,
these major categories are seen as forming the general background in which
the later discussions of materials usages and specialized land usages take
place.
Population
The Great Lakes Basin has grown fairly rapidly in the past, with the
total population incrasing about 35 percent between 1950 and 1970 (Table 36).
An important factor to consider in regard
to population in the Great Lakes
Basin is the divergence in population distribution.
The Lake Michigan and
Lake Erie basins combined contained some 86 percent of the total population
of
the Great
Lakes
Basin
in
1970,
while
the
Lake
Superior basin
had
only
about
2 percent
of
the
total population.
The more
southerly
portions
of
the
Basin
are
heavily
industrialized
and
contain
the majority
of
the
resident
population.
The
population
of
the
northern
portions
swells
during
the
hunting
and
vacation
seasons.
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1950 1962 1969 1970 1971
Grea
t La
kes
Basi
n
21,8
43,8
38
26,9
91,4
34
29,1
16,7
96
29,4
09,2
20
29,6
29,2
96
Lake
Super
ior
515,3
29
550,1
22
537,0
64
535,5
42
533,7
54
Lak
e M
ich
iga
n
9,9
88,
365
12,
338
,38
5
13,
383
,12
2
13,
551
,84
3
13,
642
,67
8
Lak
e H
uro
n
844
,05
2
1,0
82,
382
1,2
18,
622
1,2
39,
877
1,2
56,
911
Lake
Erie
8,55
8,66
3
10,6
97,8
21
11,4
53,2
57
11,5
47,7
14
11,6
29,2
61
Lak
e O
nta
rio
1,9
37,
429
2,3
22,
724
2,5
24,
731
2,5
34,
244
2,5
66,
692
Economics
The Great Lakes Region generally registers a greater economic share
(earnings by sector or area population) than the United States as a whole
(Table 37). Exceptions are mining and government, where the Great Lakes
Region has a lower economic share. Per capita income is greater than that of
the United States overall, but is less in the Lake Superior and Lake Huron
plan areas. The employment/population ratio for the entire Region, 39 per—
cent, is the same as that for the United States as a whole, but the employment/
population ratio for the Lake Superior and Lake Huron planareas is less than
that for the nation.
3
,
,
m
c
g
a
v
z
4
Agricultural Production
The major agricultural crops (Table 38) grown in the Great Lakes Basin
in order of rank are: corn for grain, oats, wheat, and soybeans. The major-
ity of the agricultural production is in the Lake Michigan and Lake Erie basins.
Livestock
The Great Lakes Basin makes a rather small contribution to the total
United States livestock production (Table 39). However, portions of the Basin
are important dairy and swine producing areas. Lake Michigan and Lake Erie
are the major livestock producing areas within the Basin.
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TABLE 37
Population,
Employment, Personal Income, and Earnings by Industry,
1970 2
Great Lakes
Lake Superior
Lake Michigan
Lake Huron
Lake Erie
Lake Ontario
Population,
midyear
29,409,179
535,542
13,551,843
1,239,877
11,547,714
2,534,203
Per capita income (1967$)
3,777
2,816
3,890
3,245
3,822
3,470
Per capita income Rel.
(U.S.'l.00)
1.09
.81
1.12
.785
1.01
1.00
Total employment
11,493,713
182,859
5,446,825
431,129
4,452,410
980,490
Employment/population ratio
.39
.34
.40
.35
.39
.39
Total personal income
111,069,256
1,508,338
52,720,518
4,024,260
44,131,039
8,685,101
Total Earnings
90,696,631
1,148,644
42,865,456
3,217,647
36,594,157
6,870,727
Agriculture,
forestry & fisheries
1,121,278
7,963b
483,743
67,144
373,919a
188,509
Agriculture
___
— -
-
Forestry and fisheries
———
___
___
-_-
___
___
Mining
139,401
1,59ld
Metal
___
_ _
Coal
—-
-——
-—
———
—-
—-—
Crude petroleum 6 natural gas
———
———
___
_--
___
-_-
Nonmetallic, except fuels
-—
___
-__
___
___
___
Contract construction
‘
5,392,933
67,111
2,671,845
161,657
2,118,647
373,673
Manufacturing
35,467,905
158,798a
15,741,440
1,533,860
15,512,179
2,521,628
Food 5 kindred products
—-—
-_—
___
_
_
__
Textile mill products
—-—
___
_-_
__-
__-
___
Apparel 8 other fabric products
-——
———
___
___
__-
___
Lumber products 8 furniture
-——
———
__-
_--
___
___
Paper and allied products
———
—~_
-__
__-
___
___
Printing and publishing
-——
___
___
-__
___
__-
Chemicals and allied products
———
-—-
___
___
___
___
Petroleum refining
———
___
_-_
___
___
___
Primary metals
-—
_-_
___
___
-__
___
Fabricated metals 5 ordnance
-—-
___
___
___
___
___
Machinery, excluding electrical
——-
——-
___
___
___
_-_
Electrical machinery 6 supplies
-——
-—-
_——
--_
___
---
Motor vehicles 5 equipment
-—
———
___
-__
___
___
Transportation
equipment,
excluding motor vehicles
-—
———
___
___
___
___
Other manufacturing
—-—
--
———
___
___
___
Trans.,
comm.
& public
utilities
5,961,189
94,868a
3,035,695
135,616
2,287,177
407,833
Wholesale
and retail
trade
14,785,401
172,766
7,404,823
475,750
5,706,428
1,025,634
FinanCe,
insurance 6 real estate
3,909,791
29,788
2,137,872
70,200
1,422,203
249,728
Services
12,379,947
142,498
6,112,647
331,907
4,856,711
936,184
Government
11,222,068
304,410
5,153,896
419,235
4,228,387
1,116,140
Federal government
1,924,828
45,334
968,460
37,868
728,624
144,542
State and local government
8,643,999
182,869
3,838,565
343,661
3,361,169
917,735
Armed forces
653,032
76,207
346,871
37,705
138,587
53,662
 
*Employment
is
for
1960
a-represents 80.0 to 99.9 percent of the true value
d—-represents 20.0 to 39.9 percent of the true value
b—-represents 60.0 to 79.9 percent of the true value
e-represents
zero to 19.9 percent of the true value
c—-represents
40.0
to 59.9
percent
of the
true
value
s—-too
small
to project
  
 TABLE 38
Agricultural Production,
Great Lakes Basin, Current Normal Average
(1958—1972)2
(in thousands)
Great
Lake
Lake
Lake
Lake
Lake
Crop
Unit
Lakes
Superior
Michigan
Huron
Erie
Ontario
Wheat
Bu.
68,514
51
24,336
11,921
27,829
4,377
Oats
BU-
102,135
1,320
56,711
6,196
23,317
14,591
Rye
BU-
1,624
4
673
207
510
230
Barley
Bu.
2,089
25
1,432
218
253
161
Corn for
Grain
Bu.
349,759
8
184,488
19,721
134,718
10,824
Corn Silage
Ton
14,962
26
7,858
1,142
2,942
2,994
Soybeans
Bu.
65,426
—
17,592
1,981
45,798
55
Dry E.D. Beans
th.
7,625
—
729
4,524
470
1,902
Sugar Beets Ton 1,515 — 31 995 489 _
Potatoes
th.
20,226
553
9,729
2,302
3,274
4,368
Fruits
Ton
1,095
4
618
14
255
204
Comm. Vegetables
th.
46,363
66
22,051
2,290
10,867
11,089
Alfalfa Hay*
Ton
8,991
85
5,129
770
1,411
1,596
Clover & Timothy Hay* Ton 3,070 275 767 97 908 1,023
Cropland Pasture* Ton 699 — 594 — — 105
Improved Pasture*
Ton
-
—
-
-
—
-
Improvable Pasture*
Ton
—
—
-
-
-
-
N. Improv. Pasture*
Ton
—
—
-
-
—
-
*Alfalfa hay equivalents (tons).
kilograms (kg) = tons (ton) x 907.2 metric tons = tons (ton) x 0.907
bushels (bu) x 0.352
kilograms (kg) hundred weights (cwt) x 202.5 hectoliters (hl)
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TABLE 39 Livestock Production 19723
Great Lakes Lake Lake Lake Lake Lake
Livestock Basin Superior Michigan Huron Erie Ontario
Swine 2,552,259 5,363 1,343,854 94,410 1,063,596 45,036
Cows & Heifers
Calved 2,200,115 49,500 1,044,751 151,500 491,857 462,507
Heifers, Steers,
Bulls, Calves 2,601,932 58,900 1,409,137 249,900 550,521 333,474
Sheep & Lambs 536,783 5,437 188,177 28,600 254,135 60,434
Horses & Ponies 479,569 10,014 212,129 40,265 148,638 68,523
Chickens 23,648,717 310,900 9,655,948 1,721,300 8,807,844 3,152,725
Turkey Hens 480,090 800 231,420 ——— 234,960 12,910
Turkeys Raised 4,739,460 8,000 2,304,260 -—— 2,298,100 129,100
Land Use
The total land area of the Great Lakes Basin encompassed 33,850,000
hectares (83,580,000 acres). The five Lake basins show great diversity in
land use (Table 40). Urban land as a percent of total land use in the indi—
vidual basins ranges from 3 to 15 percent, cropland use ranges from 4 to 55
percent, and forest lands range from 19 to 90 percent. These variations in
land use tend to reflect the population distribution of the Basin. The more
southern Portions of the Basin with their greater population levels contain
more of the urban land area.
The forested northern portions provide a
favorable asset for tourism and recreational pursuits.
Land use figures in this section are taken from the Great Lakes Basin
Framework Study, Appendix 13, "Land Use and Management", to be consistent with
the trends used, from the same source.
Currently (1970) in the Great Lakes Basin, 64 percent of the cultivated
agricultural lands are in cropland, with row crops and hay and pasture ac-
counting for the major uses.
Permanent pasture accounts for 11 percent and
idle cropland for
25 percentof
the
total
agricultural
land.
The Lake Michigan
basin
contains
45
percent
of
all
the
agricultural
acreage
in
the Great Lakes
Basin
(Table
41).
The
only
category
in which
the
acreage
in
another
basin
exceeds
that
in
Lake
Michigan
is
row
crops
in
Lake
Erie.
Over
one-half
of
the
agricultural
land
in
the
Lake
Superior
basin
and
almost
one—half
the
agricultural
land
in
the
Lake
Ontario
basin
is
in
idled
cropland
or
permanent
pasture.
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TABLE 40 Present Land Use: 1966—67 Base (Area measured by county boundaries, 1,000 acres)
 
Total 1 Z Z Z i
Land Urban Land Crop Land Pasture Land Forest Land Land
Area Buildup Area Land Area Range Area Land Area Other Arei
Great Lakes Basin 83,579.7 6,987.7 8.4 28,609.0 34.3 3,505.8 4.0 39,624.5 47.4 4,852.5 5.8
Lake Superior 15,915.3 422.3 3 692.9 4 165.3 1 14,264.5 90 370.3 2
Lake Michigan 32,272.4 2,907.8 9 13,016.1 40 1,405.3 5 12,596 39 2,347 7
Lake
Huron
8,441
.9
568.6
7
2,901
.2
34
358.8
4
4,109
49
504.3
6
Lake Erie 15,678.4 2,421.3 5 8,550.7 55 715.4 5 3,022.4 19 968.6 6
Lake Ontario 11,271.7 667.7 6 3,448.1 30 861 8 5,632.6 50 662.3 6
In terms of crops grown, the major harvested acreage is used for grain
corn, alfalfa hay, and soybeans (Table 42). The Great Lakes Basin produces a
large portion of the total United States dried edible beans, primarily in
the Lake Huron basin. The Lake Michigan basin generally leads the other four
Lake basins in the amount of acreage devoted to each crop, with the exception
of wheat, soybeans, and dried edible beans.
ALTERNATIVE FUTURES
Any specificset of economic, demographic, and land use projections is
subject to considerable conjecture. Therefore, at least two sets of alterna—
tive futures are considered. The projections in this report are based on the
1972 revised OBERS Series C and Series E national economic and demographic
projections. Differences between the two series in figures for population,
personal income, and cropland harvested are caused primarily by different
popu
lati
on g
rowt
h ra
te a
ssum
ptio
ns.
Howe
ver,
the
foll
owin
g ad
diti
onal
chan
ges
also contribute to differences in the two projections.
(1)
The
hou
rs
wor
ked
per
yea
r a
re
pro
jec
ted
to
dec
lin
e a
t t
he
rat
e
of 0
.35
per
cen
t p
er
yea
r i
n t
he
Ser
ies
E d
ata
, w
hil
e S
eri
es
C a
ssu
med
a
0.25 percent rate.
(2)
Th
e
pr
oj
ec
te
d
ra
te
of
in
cr
ea
se
in
pr
od
uc
t
pe
r
ma
n
ho
ur
in
th
e
Pr
iv
at
e
ec
on
om
y
is
lo
we
re
d
fr
om
3.
0
pe
rc
en
t
in
th
e
Se
ri
es
C
pr
oj
ec
ti
on
s
to
2.9 percent in the Series E projections.
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i TABLE 41 Agricultural Acreage Under Cultivation by Categories
E - ' Current Normal Average (1958-1972) (1000 acres)
Great Lakes Lake Lake Lake Lake Lake
Basin Superior Michigan Huron Erie Ontario
. Specialty Crops 1,397.1 9.4 701.1 115 337.3 234.3
i Raw Crops 8,951.1 3.4 3,721.3 983.7 3,785.7 457
Small Grains 3,599.3 46 1,596.9 379.5 1,178.5 398.4
ﬂay & Pasture 6,714.0 333.8 3,078.2 560.9 1,435.1 1,306
Total Cropland 20,661.5 392.6 9,097.5 2,039.1 6,736.6 2,395.7
Idled Cropland 7,947.4 300.3 3,918.6 862 1 1,814 1,052.4
Permanent Pasture 3,505.6 165 1,405.3 358.8 715.5 861
TOTAL 32,112.8 856.2 14,421.4 3,260 9,266.1 4,309.1
hectares (ha) = acres (acre) x 0.405
(3) Earning per worker in the individual industries at the national
level are projected to converge towards the all—industry rate more slowly in
the Series E projections than in the Series C projections.
(4) Income data for 1970 and 1971 and total employment data for 1970
were included in the Series E projections. This additional information was
not available for the Series C projections, and has caused some changes in
certain area projections.
(5) On the basis of the President's 1974 budget message to Congress, a
smaller military establishment has been assumed in Series E.
The differences in population growth between the Series C and Series E
projections lies mainly in the total fertility rates per 1,000 women assumed
to be attained by the year 2005. For Series C the total fertility rates per
1,000 women is assumed to be 2,800 by the year 2005, and for the Series E
projections the assumed fertility rates per 1,000 women are 2,100 for the year
2005. The Series E projections move morequickly towards a near—zero popul—
ation growth level.
Due to the present age structure of the population,
a near—zero population growth is not reached until the middle of the let
century.
While neither projection trend is an accurate picture of the eventual
growth rate in the Great Lakes Basin by the year 2020, the probable growth
rate will likely fall somewhere in between these ranges.
g Demographic Trends
Population
projections
for
the
Great
Lakes
Basin
as a whole
range
from
a
low
of
31,913,900
persons
(Series
E)
to
34,075,368
persons
(Series
C)
by
1980
(Table
43).
By
2020
the
population
level
will
grow
between
1.4
times
according
to
Series
E
projections
and
1.95
times
according
to
the
Series
C
projections,
based
upon
1970
levels
(Figure
20).
The
population
increase
in
the
Great
Lakes
Basin
is
expected
to
be
somewhat
smaller
than
the
national
a
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TABLE 42 Agricultural Land Use, Great Lakes Study Area, Current Normal Average (1958—1972)“
Great Lakes
Acres
Hectares
Wheat 1,756.3 710.7
Oats
1,695.9 686.4
Rye
59.8 24.1
44.7
18.1
42.6 17.3
4,369.5
1,768.2
1,220.8 494.1
2,605.5
1,054.2
755.3 305.6
124.8 50.5
151.7 61.4
600.1
243.2
520.5 210.6
52.7 21.4
3,699.1
1,497.0
1,921.1 777.3
1,041.6
421.5
7,947.4
3,216.2
28,609.2
11,578.2
934.2
378.1
2,245.7
908.8
324.6 131.3
3,504.4
1,418.4
C
r
o
p
Barley
Misc. Small Grains
Corn for Grain
Corn Silage
Soybean
Dry E.D. Beans
Sugar Beets
Potatoes
Fruits
Comm. Ve
getables
Conn
. So
d
Alfalfa Hay
Clover 6 Timothy Hay
Cropland Pasture
Idle C
roplan
d
Total Cropland
Improved Pasture
Inprovable Pasture
N. I
lpro
v. P
astu
re
Total Pasture
Total Ag. Landa
32,113.6 12,996.1
aTotals may not add du
e to rounding.
Lake S
uperio
r
Acres
1.6
38
.8
0.
2
0
.
9
4.5
0
.
2
3.
2
5.9
2.8
0.7
0.1
59.9
203.0
71.1
300.3
692.9
33.3
103.6
28.5
165.3
858.2
 
Hectares
0.
6
15.7
*
0.4
1.
8
*
1.3
1.1
0.3
24.2
82.1
28.8
121.5
280.5
13.5
41.9
11.5
66.9
347.3
Lake Michigan
Acre
s
Hect
ares
612.9
247.9
897.5
363.2
27.8 11.2
29.8
12.1
28.9 11.7
2,276.3 921.2
653.4
264.4
671.4 271.7
120.2
48.6
0.7 0.3
72.1 29.3
367.8
149.2
260.5
105.4
28.7
11.7
2,030.8 821.9
452.6 183.1
565.3
228.7
3,918.6
1,585.8
13,016.1 5,268.0
385.2
155.9
936.0
378.8
83.8
33.9
1,405.0
588.7
14,4
21.4
5,8
36.
3
Lake Huron
Acres
256.5
109
.2
7.
7
4.
7
1.4
284.7"
107
.3
96
.8
494.9
7
1
.
0
19.5
13.9
10.6
2.7
371.9
69
.2
118.1
862.1
2,9
01.
2
67.9
290.9
358
.8
3,260.0
Hectares
103.8
44.3
3.1
1.9
0.
6
115.3
43.5
39.1
200.3
28.7
7.9
5.
7
4.2
1.1
150
.6
28.0
47
.8
348
.8
1,174.1
27.4
117.7
145.2
1,3
19.
3
Lake
Erie
Acres Hectares
765.0 309.6
388.6
157.3
17.5
7.1
6.0
2.4
1.4 0.6
1,657.5
670.7
240.4
97.3
1,835.1 742.6
52.7
21.3
53.1 21.5
30.8
12.4
114.1 46.2
139.3
56.4
20.7
8.4
609.4
246.6
624.5
252.7
180,5
73.1
1,814.0 734.2
8,550.6
3,460.4
242.0
98.0
455.3
184.2
17.0
6.9
714.3 289.1
9,266.1
3,749.5
Lake O
ntario
Acres Hectares
120.
3
48.8
261.8 106.0
6.6
2.7
3.3
1.3
6.4
2.6
150.
8
61.0
216.5
87.6
2.2
0.8
87.5 35.4
0 0
23.4
9.4
101.
5
41.0
109.
4
44.3
0.5
0.2
627.
1
253.
7
571.8
231.4
106.6
43.1
1,05
2.4
425.
9
3,448.0
1,395.2
205.
8
83.3
459.9
186.2
195.
3
79.0
861.0
348.5
4,30
9.1
1,74
3.7
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TABLE 43 Projected Population Growth: Great Lakes Basinlw2
1970 1980 2000 2020
Great Lakes Basin
Series C
29,409,220
34,075,368
44,515,009
57,404,959
Series E 29,409,220 31,913,900 36,745,700 40,615,500
Lake Superior basin
Series C 535,542 590,000 717,800 884,800
Series E 535,542 531,500 528,200 532,200
Lake Michigan basin 13,551,843 15,592,600 20,145,900 25,762,200
Series C 13,551,843 14,709,300 16,862,500 18,630,000
Series E
Lake Huron basin
Series C 1,239,877 1,456,900 1,952,300 2,557,800
Series E V 1,239,877 1,390,900 1,678,500 1,891,800
Lake Erie basin
Series C 11,547,714 13,424,200 17,548,400 22,577,400
Series E 11,547,714 12,442,500 14,262,300 15,679,100
Lake Ontario basin
Series C 2,534,244 3,011,668 4,150,609 5,622,759
Series E 2,534,244 2,839,700 3,414,200 3,882,400
There will be some differences in the growth rates of the individual
Lake basins. The Lake Superior basin will grow the least in both projections
declining slightly in Series E and increasing 65 percent in Series C. The
Lake Huron basin is projected to grow most——between 53 and 87 percent by
2020 for Series E and C respectively.
Economic Trends
Per capita income levels are about the same in both projections (Tables
44,45). The per capita income level for the Great Lakes Region will remain
slightly above that of the United States as a whole, but will decline slightly
towards the United States average. The relationship of income to the national
average is in part dependent upon productivity and overall economic growth,
as well as per capita consumption and demand.
Although total employment figures differ in the two projections based
upon population level expectations, the employment to population ratio shows
only slight differences. The Series C projections forecast the employment to
population ratio increasing slowly from the 1970 level of 39 percent to 42
percent by 2020, while Series E projects a growth from 39 to 45 percent in the
same
peri
od.
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00
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00
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.
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6,000
9,100
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:
-
37,10
0
62,70
0
51,60
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n
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,392,
933
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,700
16,62
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26,26
2,200
Manuf
actur
ing
- 35
,667,
905
69,06
6,300
82,87
5,100
133,3
62,50
0
Food
6 kin
dred
produ
ctl
:
-
2,557
,300
3,663
,700
6,681
,300
Texti
le mi
ll pr
oduct
!
:
-
159,7
00
197,9
00
259,6
00
Apparel 6 other fabric product! : - 588,000 836,900 1,196,300
lumber product. 6 furniture : - 967,500 1,676,000 2,190,900
Paper and ellled product: : - 1,691,200 2,620,800 6,279,200
Printing and publishing 2 - 2,611,600 6,837,900 8,161,800
Chemicals and allied product! : - 2,675,900 6,773,100 8,396,800
Petroleum refining : —- 665,500 727,200 1,080,800
Primary untele : -- 6,386,900 5,796,900 7,689,600
Iahricated metal: 6 ordnance : - 5,175,000 8,872,800 16,252,600
Hechinery, excluding electricel : - 6,587,700 9,979,800 16,966,600
Electrical machinery 6 suppllel : - 6,993,200 10,136,600 18,637,200
Motor VChicleﬂ 5 GQUiPm¢nt I - 9,717,000 17,055,600 27,800,600
Transportation equip., excl. mtr.: .. 963.300 1.431.200 2,944,300
vehs '
Other manufacturing : -— 5,911,100 10,681,300 17,892,500
Traﬂ8-. 2°"ﬂ- 6 Public utilitiCS 2 5,961,189 8,566,000 15,803,900 27,202,600
wholesale and fttall trnde f 16,785,601 7 20,821,800 36,567,500 60,179,288
Finance, insurance 6 real citate : 3,909,791 6,553,900 16,029,600 26,209,700
SerV1¢¢$ f 12,379,967 21,956,600 51,267,000 102,635,700
Government . : 11,222,068 17,396,100 37,550,300 71,655,100
Pederel government : 1,926,828 2,806,200 5,710,900 11,272,800
State and local government : 8,663,999 13,950,600 30,813,100 58,518,800
Armed forces V : 653,032 636,600 1,026,500 1,662,000
*Employmeut is for 1960.
aorepreeenta 80.0 to 99.9 percent of the true value d-represents 20.0 tn 39.9 percent of the true value
b-represents 60.0 to 79.9 percent of the true value e-represents zero to 19.9 percent of the true value
c-represents 60.0 to 59.9 percent of the true value s-too small to project
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TABLE 45 Population, Employment, Personal Income, and Earnings by Industry;
1970, 1980, 2000 and 2020.
Series C Great Lakes Basin
 
 
 
1970 1980 2000 2020
Population, midyear 29,409,179 34,075,368 44,515,009 57,404,959
Per capita income (1967 dollars) 3,777 5,395 9,060 15,186
Per capita income Rel. (0.5.81.00) 1,09 1.13 1.09 1.06
Total employment 11,493,713 13,817,556 18,349,514 23,848,907
Employment/population ratio .39 .42 .42 .42
1,000 (1967 dollars)
Total personal income 111,069,256 178,453,995 397,466,425 871,750,660
Total earnings 90,696,631 143,638,500 311,814,000 670,330,000
Agriculture, forestry & fisheries 1,121,278 1,292,000 1,639,000 2,856,900
Agriculture -— 1,279,500 1,619,000 2,825,400
Forestry and fisheries -- 12,400 19,700 31,300
Mining 139,401 486,100 794,600 1,340,200
Metal -. 217,000 340,400 544,600
Coal - 10,200 14,600 19,900
Crude petroleum & natural gas -- 42,600 54,700 68,600
Nonmetallic, except fuels —- 216,200 384,700 706,800
Contract construction 5,392,933 8,830,000 18,928,300 40,100,810
Manufacturing 35,467,905 54,477,000 106,400,000 210,968,400
Food & kindred products -- 2,729,000 4,229,000 6,742,000
Textile mill products - 194,800 301,000 492,000
Apparel & other fabric products -- 718,700 1,260,500 2,290,000
Lumber products 8 furniture -- 1,151,000 1,971,000 3,490,000
Paper and allied products -— 1,627,000 3,401,000 7,135,000
Printing and publishing —- 2,696,000 5,489,000 11,303,000
Chemicals and allied products -- 2,612,000 5,542,500 11,677,900
Petroleum refining - 429,000 706,100 1,163,900
Primary metals -- 5,160,000 7,970,000 12,414,300
Fabricated metals & ordnance —- 6,063,000 12,529,000 25,775,000
Machinery, excluding electrical -- 8,327,000 16,630,000 33,470,000
Electrical machinery G supplies -- 5,344,000 12,161,900 26,741,000
Motor vehicles 6 equipment - 9,564,000 17,808,000 33,941,300
Transportation equipment, —-
excluding motor vehicles 1,388,100 2,775,600 5,624,000
Other manufacturing -- 6,462,000 13,625,900 28,677,000
Trans
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publi
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litie
s
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8,483
,000
16,75
6,300
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1,000
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23,74
2,000
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3,000
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81,00
0
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13,39
0,000
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44,0
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00
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00
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00
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100,
400
Federal government 1,924,323 " " --
State and local overnment 8 643 999 -- “ “
Armed forces 8 ' ,653:032 761,000 1,274,500 2,129,000
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population ratio is greater in the Series E projections than in the Series C
projections. With respect to earnings by sector (Figure 21), agriculture
accounts for well less than one percent of total earnings in both projections.
Earnings in mining also account for well below one percent of total earnings.
Construction earnings differ slightly in the two projections——about 5.9 percent
of the total in Series C and 5.4 percent in Series E. The manufacturing sector
has the highest percent of total earnings in both projections by 2020——29.8
percent in Series E and 31.5 percent in Series C. The sector comprised of
transportation, communications, and public utilities will contribute 5 to
6 percent of the total earnings in 2020. The projections for the wholesale
and retail trade sectors will vary by four percent by 2020 andwill amount to
13 percent of the total earnings in Series E projections or 17 percent of
total earnings in the Series C projections. The financial sector will ac-
cou
nt
for
bet
wee
n 4
and
6 p
erc
ent
of
tot
al
ear
nin
gs
by
2020
.
Ear
nin
gs
in
the service sector will be between 19 percent and 23 percent of the total
earnings in 2020. The government sector will have between 16 and 17 percent of
the total earnings by 2020.
The major changes from the 1970 level contained in these projections are
in manufacturing and services. Manufacturing will decline from 39 percent
of the total earnings in 1970 to between 29.8 and 31.5 percent in 2020.
Earnings in the service sector will increase from about 14 percent of the total
to between 19 and 23 percent.
Earnings in the government sector as a percent—
age of the total are projected to increase as well, from 12 percent in 1970
to 16—17 percent in 2020. As can be seen, earnings by sector will be relat—
ively stable throughout the period from 1970 to 2020.
Total earnings will vary greatly by Lake basin (Figure 22).
By 2020,
Lake Michigan and Lake Erie basins will have roughly comparable total earnings,
while earnings in the Lake Superior basin will lie well below those of the other
Lake basins.
The Lake Superior basin also shows the greatest projected in—
crease in earnings and the greatest difference between Series C and Series E
projections.
Agricultural Trends
The agricultural sector of the Great Lakes Region is quite diverse.
The
patterns of agricultural enterprise projected for the future will reflect not
only the Regions's comparative advantage in production, but also its proximity
to large urban markets.
Fruit and commercial vegetable production will remain
important in areas of Wisconsin, Michigan,
Ohio, and New York due to their
proximity
to urban
centers.
The
southern portion
of
the Region,
with
its
heavy
loam
soil,
will
remain
an
important
feed
grain
area.
oats,
grain
corn,
soybeans,
and
commercial
vegetables
will
continue
to
be
the
major
crops
in
terms
of
production
in
the
Great
Lakes
Region
based
on
both
the
Series
C
and
E
estimates
for
the
time
period
1970
to
2020
(Tables
46,
47).
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TABLE
46
Crop
Production,
Great
Lakes
Basin,
1980,
2000,
and
2020.2
Series
E
(1000
units)
 
Crop
Units
:
1980
2000
2020
:
:
Thousands
wheat
3“,
f
68,514
66,170
57,850
45,669
Oats
§
no,
;
102,135
111,394
132,665
142,914
Rye
no,
i
1,624
1,603
1,629
1,455
l
Barley
:
no,
2
2,089
1,491
610
343
i
Corn for
grain
no.
f 349,759
488,692
705,270
759,048
Com silage
:
Ton
2 14,962
16,476
19,018
19,509
Soybeans
f
Bu.
f 65,426
105,472
184,677
231,702
Dry E.D. beans
;
cm.
2
7,625
8,675
10,433
11,456
Sugar beets
Ton
f
1,515
2,877
3,990
5,018
Potatoes
:
0.1:.
2 20,226
22,406
25,251
26,227
Fruits f won 3 1,095 1,332 1,490 1,673
Comm. Vegetables 2 cm. i 46,363 61,684 71,233 183,773
Alfalfa
haw.
f
Ton
f
8,991
9,043
9,477
9,493
Clover & Timothy mi:
E
Ton
E 3.070
3.072
3,057
2,874
Cropland pasture*
3
Ton
i
699
1,457
1,627
2,168
Improved pasture*
;
Ton
;
1,777
2,284
2,544
Improvable pasture* : Ton : 2.455 2,850 3,148
N. Improv. pasture* : Ion 3 194 213 241
*Alfalfa hay equivalents (tons)
** Less than 500 units
kilograms (kg) = tons (ton) X 907.2
metric tons = tons (ton) X 0.907
kilograms (kg) = hundred weight (cwt) X 202.5
hectoliters (h ) = bushels (bu) X 0.352
All crops will increase in production throughout the time period in the
Series C projections. Crops that will decrease throughout the time period
in Series E are wheat, barley, clover, and timothy hay. In addition, rye
production will decline between 2000 and 2020.
The major differences between the two projections are wheat, grain corn,
soybeans, and commercial vegetables. Wheat is projected to more than double
in Series C, but will decline by one-third in the Series E projections. For
the other crops——grain corn, soybeans, and commercial vegetables-—the increase
in production is greater in the Series E projections. Grain corn will in—
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,80
0
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,60
0
Oat
s
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100
,13
5
154
,37
5
143
,50
0
105
,81
3
Rye
Bu.
1,7
39
1,9
02
2,5
16
3,3
86
I
Bar
ley
Bu.
2,0
89
5,9
17
6,0
42
5,6
25
Cor
n f
or
Gra
in
Bu.
349
,75
9
383
,35
7
506
,67
9
675
,07
1
Corn
Sila
ge
Ton
14,9
62
16,3
74
21,9
04
28,9
12
Soyb
eans
Bu.
65,4
26
107,
440
135,
048
174,
176
Dry Edible Beans CWT 6,352 11,376 15,029 20,171
Suga
r Be
ets
Bu.
1,59
9
3,21
8
5,28
0
8,17
8
Potatoes CWT 17,987 21,180 28,988 40,404
Fruits Ton 1,104 1,458 2,097 2,996
Comm. Vegetables CWT 46,093 72,380 99,295 137,171
Alfalfa Hay Ton 8,991 9,763 10,084 10,982
Clover & Tim. Hay Ton 3,070 3,385 3,099 3,018
Cropland Pasture * NA 1,446 1,653 2,289
Improved Pasture * -- 1,922 2,212 2,402
Not Improved Pasture * —— 184 207 231
*Alfalfa hay equivalents (tons)
Kilograms (kg) = Tons X 907.2
Metric Ton = Tons x 0.907
Kilograms (kg) = Hundredweight (cwt) x 202.5
Hecto Liter (h ) = Bushels (bu) x 0.352
crease in production 93 percent in Series C and 117 percent in Series E. Soy—
beans will increase between 166 percent in Series C and 254 percent in Series
E. Commercial vegetables show the widest range between projections--a 197
percent increase in Series E and a 324 percent increase in Series E.
Livestock Trends
3 Tables 48 and 49 present the livestock production for eight livestock
1 products from OBERS Series C and E data. For Series C all livestock pro—
‘
duction is projected to increase throughout the time period 1980—2020. In
contrast, Series E projects a decline in production of one—half of the live—
stock varieties--declines are foreseen for lamb, chicken, broilers, and eggs.
In the Series E projections, the increases foreseen for the other types of
livestock are not as great as the increases in Series C.
  
 TABLE 48 Projected Livestock Production 1980, 2000, 2020;2
Series E, Great Lakes Basin, (1,000 units)
Livestock Production Units 1960 1980 2000 2020
Beef and Veal Lb. 1,393,500 l,378,723.4 l,480,777.4 1,588,685.6
Pork Lb. 931,500 904,518.3 l,005,847.9 1,108,847.9
Lamb and Mutton Lb. 54,500 11,938.2 7,517.8 4,775.4
Chicken Lb. 82,400 60,633.6 45,985.9 34,305.2
Broilers Lb. 93,000 32,294.8 20,489.6 14,387.7
Turkeys Lb. 72,200 112,444.6 165,775.0 197,193.1
Eggs Doz. 391,300 341,791.8 313,428.8 278,399.5
Milk Lb. 20,364,800 20,533,399.l 20,886,854.2 20,977,916.9
Kilograms (kg) = Pounds (lb) x 0.454
With the Series C projections, each planning subarea's share of the Great
Lakes total projected output remain constant. The Lake Superior basin has less
than one or two percent of the total production of any of the eight types of
livestock. The majority of the livestock production is in the Lake Michigan
basin. This area leads in the production of every type of livestock and has at
least one—third of the Great Lakes total in each category in 1980. By 2020 it
contains at least 30 percent of the Great Lakes total in each category of live—
stock. Major shifts in production in the Series E projections are an increas—
ing concentration of chickens in the Lake Ontario basin, and an increasing
concentration of broilers in the Lake Michigan basin, which will have over 75
percent of the total broilers by 2020.
Land Use Trends
The projection in both Series C and E is that urban land will increase
and will expand into area now occupied by other land uses (Table 50). The
primary impact in the Basin as a whole will be on cropland and pasture land.
Urban land will expand between 32 and 72 percent between the base year and the
year 2020. Cropland will decrease 5 to 11 percent while pasture land will
decrease 4 to 8 percent. In the Series C projections, the greatest increases
in u
rban
land
area
will
be
in t
he L
ake
Mich
igan
and
the
Lake
Erie
area
s.
In
the Series E projections, the greatest increases will be in the Lake Ontario
and the Lake Erie areas.
Another land use that can be of importance in determining water quality
relationships is land used for extractive minerals (Table 51). Land needs
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this
pur
pos
e a
re
exp
ect
ed
to
inc
rea
se
alm
ost
400
per
cen
t b
y 2
020.
The
Pri
mar
y
gro
wth
wil
l b
e
for
iro
n
ore
in
the
Lak
e
Sup
eri
or
bas
in.
Thi
s
typ
e
of
mini
ng
can
hav
e i
mpo
rta
nt
wat
er
qua
lit
y i
mpl
ica
tio
ns
and
is
exp
ect
ed
to
tak
e
over 4 times the land area in 2020 as it does currently.
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TABLE 49 Projected Livestock Production 1980, 2000, 2020;5
Series C, Great Lakes Basin, (1,000 units)
Livestock Production Units 1960 1980 2000 2020
Beef and Veal Lb. 1,393,500 1,888,400 2,649,900 3,722,800
Pork Lb. 931,500 1,277,100 1,762,900 2,446,300
Lamb and Mutton Lb. 54,500 52,800 73,800 103,600
Chicken Lb. 82,400 85,500 117,700 162,900
Broilers Lb. 93,000 85,600 116,800 160,800
Turkeys Lb. 76,200 154,900 212,700 294,100
Eggs D02. 391,300 397,200 546,400 758,700
Milk Lb. 20,364,800 23,345,100 31,973,700 44,130,000
Kilograms (kg) = Pounds (lb) x 0.454
SPECIALIZED LAND USES
The following five categories of specialized land uses——disposal opera—
tions,erosion zones, intensive livestock operations, high—density nonsewered
residential areas, and recreational lands-—are unique in their specific land
drainage aspects which affect water quality. The emphasis in this section is
to indicate what relative magnitude of change will be likely to occur in these
land use operations over the next twenty years. Because of the multiplicity
of factors affecting their futures, estimates beyond twenty years entail
great uncertainties. Projections have been based in part on the opinions of
experts in the field as to their expectations of the future near-term trends
concerning these various land uses.
Disposal Operations
Four disposal operations-~liquid waste, solid waste, dredge spoil and
artificial fill, and deepwell disposal operations——form the major methods for
allocating waste to the environment.
Overall, the amount of wastes to be
disposed of will increase in the future in response to population and economic
changes.
As will be seen,
this relationship will vary according to the type
of disposal procedure.
Liquid Waste Disposal
There are a variety of factors which will affect the future trend in
utilizing land for the disposal of liquid effluents, both from municipal and
industrial concerns
(Table 52).
One of possible limitations
to expansion of
liquid
waste
disposal
operations
is
the
amount
of
land
required
for
this
prac-
Flce-
If
Population
grows
considerably
in
the
Great
Lakes
Basin,
resulting
in
increased
demand for
land,
liquid
waste
disposal
practices
will
tend
to
con-
flict
with
other
economic
uses
of
land.
Consequently,
liquid
waste
disposal
 
 TABLE
50
Land
Use
Projections,
1980,
2000,
2020,
Great
Lakes
Basin,
Series
C
and
Series
E
(1000
Acres,
measured
by
County boundaries) 3’”
 
1966—67
1980
2000
2020
Series C
Urban
6,987.7
8,360.9
10,370.3
12,086.6
Cropland
28,609.0
27,758.2
26,541.5
25,533.3
Pasture
3,505.8
3,427.5
3,312.1
3,212.3
Forest
Land
39,624.5
39,327.3
38,862.8
38,430.0
Other
Land
4,852.5
4,705.4
4,492
4
4,317.4
Series E
Urban
6,987.7
7,635.8
8,719.0
9,222.5
Cropland
28,609.0
28,161.8
27,407.6
27,069.5
Pasture
3,505.8
3,464.2
3,394.8
3,362.2
Forest
Land
39,624.5
39,464.7
39,205.7
39,073.0
Other
Land
4,852.5
4,852.5
4,852.5
4,852.5
Hectares (ha) = Acres (acre) x 0.405
operations
may
tend
to
become
less
acceptable
in
the
future.
Conversely,
if
the
costs
of
alternative
disposal
methods
increase
significantly,
and
if
population
and
economic
growth
develops
at
a
less
rapid
pace,
then
land
treatment
systems
for
liquid
wastes
may
become
an
attractive
option
for
many
communities
and
small
industrial
concerns.
One
particularly
attractive
aspect
of
liquid waste disposal
operations
is the ability to remove pollutants at a rate of efficiency not usually a—
vailable without
incurring
exceptional
costs with
alternative
disposal
sys-
tems.
In this sense land treatment systems are generally competitive on a
cost—effectiveness basis to alternative disposal methods.
Secondly, there is a possibility that such systems can be used in
various agriculture and silvicultural operations, enhancing the economic
productivity of these operations. Assuming that agricultural and silvi—
cultural operations will continue to experience high rates of demand,
liquid waste disposal practices may become economically advantageous for
growers to include in their operations. This would enhance the feasibility
of using land treatment practices in the future.
Liquid waste disposal practices, however, are limited by the variety of
public concerns focusing on the perceived incompatibility of such practices
with alternative land useS, especially residential activities. There are
questions concerning the public health, social, and economic impacts that
land treatment systems may have upon adjacent areas. If public attitudes to—
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TAB
LE
51
Pro
jec
ted
Ext
rac
tiv
e
Min
era
l
Lan
d R
equ
ire
men
ts,
Great Lakes Basin, (in acres)
 
N
1968 1980 2000 2020
Cla
ys
and
Sha
le
64
81
129
207
Goa
l
121
53
0
0
.a
Cop
per
4,5
00
4,5
00
7,0
00
10,
000
Iro
n O
re
55,
600
90,
700
174
,60
0
286
,60
0
Peat
2,47
7
2,66
0
3,21
6
4,10
6
Gyps
um
24
3O
40
54
Sand
and
Grav
el
1,92
9
2,56
8
4,42
2
7,63
8
Stone, Crushed 473 615 841 1,315
Stone, Dimension 3 6 9 17
Zinc-Lead 250 500 500 700
IT
TOTAL 65,441 101,713 190,757 310,637 7:
L
Hectares (ha) = Acres (acre) x 0.405
wards land treatment systems focus primarily on the potential adverse effects
these systems can generate, this could limit the acceptability of these
treatment systems.
Solid Waste Disposal
 
Three factors will affect future trends in solid waste disposal (Table 53).
First, per capita waste generationis unlikely to change significantly except
as it is affected by the amount of disposable goods and materials generated in
economic activities. Second, the number of waste disposal sites is likely
to diminish as more counties convert to larger sanitary landfill operations.
Finally, the amount of wastes disposed into the envirOnment will be affected
to some extent by the amount of materials recycled back into the economy.
The generation of solid wastes will increase in line with projected
population trends. Per capita disposable income will increase with a possible
tendency toward increasing amounts of solid wastes generated per capita.
It is unlikely, however, that during the next 20 years per capita waste gen-
eration will increase significantly beyond current levels.
The number of solid waste disposal sites is likely to decrease over the
next 10 to 15 years.
Small open dump sites are being closed throughout the
Great Lakes Basin.
Counties are forming larger regional waste disposal systems,
‘
relying on fewer sites with larger capacities to handle the waste generated
in
:
their area.
With the move towards larger sanitary landfill sites,
the number
i
of disposal sites in the Basin will decrease.
One consequence of this policy,
‘
however,
is that higher volume disposal sites may have several times the usual
impact
on
water
quality
if
they
are
not
properly
constructed
and
sealed.
Thus,
  
 NmLE
52
Projected
Liquid
Waste
Disposal
Requirements:
Great
Lakes
Basin
(mgd)7
 
1970
1980
2000
i1
Municipal
Industrial
Municipal
Industrial
Municipal
Industrial
Great Lakes
Basin-J
3,060
8,560
3,680
7,320
4,940
6,000
Lake
Superior
44.7
55.2
48.1
44.4
85.9
39.7
Lake
Michigan
686
3,921.1
965
3,313
1,450
3,130
Lake Huron
85
465
111
418
175
262
Lake
Erie
1,880
3,490
2,130
2,980
2,670
2,080
Lake
Ontario
368
631
427
572
585
490
Eggtals may not add due to rounding
Liters (1) - Gallons (gal) x 3.785
it is important to insure that these larger regional waste disposal sites are
given proper engineering and environmental attention in their design and
maintenance in order to prevent water quality degradation.
The recycling of waste materials is likely to decrease the volume of
waste requiring disposal in the future.
However, recycling so far has mainly
revolved around reusing glass, paper, and metal materials and has not in—
volved recycling of garbage or general refuse, which are the main producers
of leachates. The recycling of reusable materials, therefore, is unlikely to
affect the amount of leachates produced in sanitary landfill sites.
In addition, the closing of open dumps in the Great Lakes Basin in many
instances has not involved completely sealing the abandoned sites. Rather,
the policy has often been to abandon the open dumps with a modicum of cover,
thereby leaving the site to produce leachates which can eventually infiltrate
into ground and surface water areas. It is likely that contamination from
these closed dumps will continue and may even increase as refuse decays. Al—
though over a long time span the amount of leachates produced from closed sites
will decrease as the materials decompose, it is unlikely that such a reduction
in leachates will be achieved within the next 10 to 15 years. Attention to
these problems is needed, perhaps by requiring open dumps to be properly sealed
upon their abandonment to prevent leachate contamination of surface and ground
waters.
Dredge Spoil and Artificial Fill
Future trends in dredge spoil and artificial fill activities are de-
pendent on several factors (Table 54). It is assumed that maintenance dredg-
ing of harbors and channels is likely to continue at present rates. If lar—
ger locks are constucted, and larger ships will be utilizing the facilities,
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TAB
LE
53
Pro
jec
ted
Sol
id
Was
te
Dis
pos
al
Req
uir
eme
nts
:
Gre
at
Lak
es
Basin (1000 tons)
 
1970 1980 1990
Actual Series C Series E Series C Series E
Gre
at
Lak
es
Bas
in
15,
348
25,
001
23,
303
38,
934
33,
391
Lak
e
Sup
eri
or
280
433
295
648
559
Lak
e M
ich
iga
n
7,0
73
11,
440
10,
737
‘
17,
705
14,
997
Lak
e H
uro
n
645
1,0
69
1,0
15
1,6
89
1,5
19
La
ke
On
ta
ri
o
1,
32
3
2,
21
0
2,
07
3
3,
54
8
3,
09
6
Lak
e
Eri
e
6,0
27
9,8
49
9,0
83
15,
344
13,
220
Kilograms (kg) = Tons x 907.2
ther
e wi
ll b
e a
dema
nd f
or d
eepe
r an
d wi
der
harb
ors.
This
woul
d re
quir
e si
g—
nificant amounts of dredging and would increase the amount of dredge spoil in
certain near—shore areas.
As economic development increases, there will be a further increase in
the percentage of polluted sediments requiring confinement.
Current State policies to limit the amount of artificial fill and to
preserve wetland and marsh areas along the shoreline of the Great Lakes con—
tinue to receive support.
Conversely, the desires of many lakeshore residents in the Basin to
protect their waterfront properties from higher Lake levels will increase
pressures for more small artificial fill zones to prevent beach and shore—
line erosion in residential and recreational areas.
Deepwell Disposal
Future trends in the use of deepwell disposal vary greatly throughout
the Great Lakes Basin. Some Lake basins have no such operations at the pre-
sent time and will have none in the future, while other Lake basins have many
such disposal operations and their number will continue to grow in the future.
Due to unsuitable geologic and climatic conditions in portions of the
Basin, future use of deepwell disposal operations is not likely to occur.
In other portions of the Basin with more favorable natural conditions,
future use of deepwell disposal methods will depend upon the States' atti-
tudes, the administration of legal controls, and the success of existing
disposal operations.
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TABLE
54
Dredge
Spoil:
Projected
Amount
of
Annual
Maintenance
(1000
cubic
yards)
8
   
1970
1980
1990
Total
Polluted
Spoil
Total
Polluted
Spoil
Total
Polluted
Spoil
Great
Lakes
Basin
8,218.8
6,339.1
8,889.8
6,893.7
8,889.8
6,893.7
Lake
Superior
1,044
237
1,044
237
1,044
237
Lake
Michigan
1,481
897
1,492
867
1,492
867
Lake
Huron
514.6
306.3
741.5
377.1
741.5
377.1
Lake
Erie
4,815.6
4,565.2
5,225.3
5,066.8
5,225.3
5,066.8
Lake
Ontario
363.6
333.6
387
345.8
387
345.8
Cubic Meter
(cu m) = Cubic Yards
(cu
yd) x 0.765
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,
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f
l
o
w
i
n
t
o
s
h
a
l
l
o
w
g
r
o
u
n
d
—
w
a
t
e
r
a
q
u
i
f
e
r
s
,
p
r
e
s
e
n
t
p
r
o
b
l
e
m
s
.
Fu-
t
u
r
e
d
e
e
p
w
e
l
l
i
n
j
e
c
t
i
o
n
p
r
o
b
l
e
m
s
h
a
ve
the
greatest
p
o
t
e
n
t
i
a
l
for
o
c
c
ur
r
e
n
c
e
in
the State of Michigan.
Erosion
Lakeshore
and
riverbank
erosion
are
likely
to
remain
near
the
present
levels
(Table
55).
With
the
implementation
of
management
strategies,
lake—
shore
erosion
could
show
a
moderate
decline
in
the
near
future
in
specific
areas
along
the
Great
Lakes.
Lakeshore Erosion
Because
lakeshore
erosion
is
tied
to
overall
Lake
levels,
future
amounts
of
lakeshore
erosion
will
be
affected
by
the
level
of
the
Great
Lakes.
The
current
Lake
levels,
if
unchanged,
will
continue
to
produce
present
rates
of
lakeshore
erosion.
However,
it
is
quite
probable
that
there
will
be
a
lowering
of
levels
within
the
next
ten years,
thus reducing
the amount
of
annual
lake—
shore erosion.
Continued
development
of
structural
shoreline
protective
measures will reduce the amount of erosion occurring
in certain critiCal areas.
Lakeshore erosion will gradually decrease by about one percent per year.
In various sensitive shoreline areas, increased recreational development
and the construction of homes or industry could increase the occurrence
of lakeshore erosion.
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TABLE 55 Trends in Erosion (in miles) ’
 
1970 1980 1990
Critical Severe Critical Severe Critical Severe
Lakeshore Riverbank Lakeshore Riverbank Lakeshore Riverbank
Great Lakes Basin 347.7 2,312 338.6 2,312 332.5 2,312
Lake Superior 172.5 471 155 471 140 471
Lake Michigan 130.1 799 143.2 799 156.1 799
Lake Huron 8.0 229 7.0 229 6.3 229
Lake Erie 20.3 582 18.3 582 16.5 582
Lake Ontario 16.8 231 15.1 231 13.6 231
 
Kilometers (km) = Miles (mi) x 1.609
Riverbank Erosion
There are several trends affecting the amount of riverbank erosion likely
to occur in the future. With increased development of land in the Great Lakes
Basin, riverbank erosion is more likely if no preventive measures are taken
either in the form of land use regulations or structural meansto curb river—
bank erosion. Rivers and streams will continue their function as transporters
of nutrients and chemical materials if preventive measures are not taken to
reduce the amount of sediments and other materials entering surface and
ground waters.
Because of the costs associated with vegetative control or structural
measures to prevent erosion from occurring, it is unlikely that stream-
bank erosion rates will significantly decrease in the future, except as man—
agement programs may alter land use practices with the intent of preventing
further erosion of streambanks. If such management measures are implemented
and are successful, then one can expect some decrease in streambank erosion.
Otherwise, present erosion rates will remain approximately the same throughout
the next 10 to 15 years.
Intensive Livestock Operations
Over the next 15 years, there will be a trend towards larger and more in—
E
tensive animal feedlots and a continued decrease in small livestock operations
in the Great Lakes Basin.
This trend will result from the increased profit—
ability and effectiveness larger livestock operations provide over
smaller
ones.
Livestock operations,
therefore, will increasingly come to be viewed
as
commercial
operations
rather
than
as
small
rural
ventures.
Consequently,
waste
productionfrom
these
feedlots will
tend
to
be
concentrated
in
partic-
1
 
ular
locales.
Waste
disposal
systems
will
need
to
be maintained
for
water
quality.
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I
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t
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e
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t
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a
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t
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e
g
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e
a
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e
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n
u
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H
i
g
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—
D
e
n
s
i
t
y
,
N
o
n
s
e
w
e
r
e
d
R
e
s
i
d
e
n
t
i
a
l
A
r
e
a
s
Households
with
on—site
sewage
disposal
systems
are
projected
to
con—
tinue
at
a
b
o
ut
the
same
p
e
r
c
e
n
t
a
g
e
of
the
total
h
o
us
i
n
g
stock
(Table
57).
This
projection
is
based
on
the
assumption
that
future
population
growth
will
continue
present
patterns.
Further
growth
will
occur
in
urban
areas
with
municipal
sewage
systems.
Urban
growth
will
be
balanced
by
continued
growth
in
rural
and
semi-rural
areas,
where
development
of
municipal
sewage
treat-
m
e
n
t
f
a
c
i
l
i
t
i
e
s
w
i
l
l
b
e
e
c
o
n
o
m
i
c
a
l
l
y
difficult.
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TA
BL
E
57
Nu
mb
er
of
Ho
us
eh
ol
ds
in
Hi
gh
—D
en
si
ty
,
No
ns
ew
er
ed
Re
si
de
nt
ia
l
Areas (1000 Units)
 
1980
19
70
Ac
tu
al
Se
ri
es
C
Se
ri
es
E
To
ta
l
To
ta
l
To
ta
l
No
n—
No
n—
No
n—
sew
ere
d
Urb
an
sew
ere
d
Urb
an
sew
ere
d
Urb
an
Gr
ea
t
La
ke
s
Ba
si
n
1,
83
2
866
2,
11
5
64
2
1,
98
1
59
5
La
ke
Su
pe
ri
or
55
4
60
5
56
5
La
ke
Mi
ch
ig
an
76
6
25
5
88
0
29
6
83
0
26
8
La
ke
Hu
ro
n
19
0
37
22
2
43
21
2
40
La
ke
Er
ie
58
0
22
0
66
9
25
7
61
6
24
0
La
ke
On
ta
ri
o
24
1
35
0
28
4
41
26
7
42
1990
Series C Series E
Total Total
Non— Non—
sewered Urban sewered Urban
Gr
ea
t
La
ke
s
Ba
si
n
2,
45
2
74
3
2,
13
8
64
1
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ke
Su
pe
ri
or
61
5
56
4
La
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1,
01
9
34
2
89
4
28
9
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ke
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n
260
50
23
4
44
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8
29
6
66
2
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8
Lak
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50
292
46
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sit
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e o
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all
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er,
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h o
n—s
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pos
al
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ld
inc
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se.
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h t
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,
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eve
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not
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to
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the
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unt
of
non
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ere
d h
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ing
in
the
nea
r f
utu
re.
Lik
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se,
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sew
age
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ent
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d b
y t
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ed
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h
pro
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sec
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ter
tia
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Sin
ce
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ts
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cur
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ove
rbu
rde
ned
in
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ms
of
the
ir
cap
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to
ade
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tel
y t
rea
t t
he
vol
ume
of
was
tes
alr
ead
y c
oll
ect
ed,
the
maj
or
inv
est
men
t i
n m
uni
cip
al
tre
atm
ent
wil
l
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inue
to b
e co
ncer
ned
with
sewa
ge t
reat
ment
faci
liti
es r
athe
r th
an o
n
impr
ovin
g th
e co
llec
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of m
unic
ipal
wast
es.
Cont
inue
d de
velo
pmen
t of
re-
crea
tion
al h
omes
in t
he n
orth
ern
port
ions
of t
he G
reat
Lake
s B
asin
will
be
associated with the development of individual septic tank systems.
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e
g
e
n
e
r
a
t
e
d
b
y
t
o
u
r
i
s
t
s
.
T
h
e
1
9
7
0
l
e
v
e
l
o
f
r
e
c
r
e
a
t
i
o
n
a
l
f
a
c
i
l
i
t
y
d
e
v
e
l
o
p
m
e
n
t
w
a
s
c
a
p
a
b
l
e
o
f
s
a
t
i
s
f
y
i
n
g
6
4
p
e
r
c
e
n
t
o
f
t
h
e
t
o
t
a
l
1
9
7
0
r
e
q
u
i
r
e
m
e
n
t
s
f
o
r
w
a
t
e
r
—
o
r
i
e
n
t
e
d
r
e
c
r
e
a
t
i
o
n
a
l
a
c
t
i
v
i
t
i
e
s
(
T
a
b
l
e
5
9
)
.
L
e
v
e
l
s
o
f
d
e
v
e
l
o
p
m
e
n
t
p
r
o
p
o
s
e
d
a
r
e
e
x
p
e
c
t
e
d
to
s
a
t
i
s
f
y
8
0
p
e
r
c
e
n
t
o
f
t
h
e
p
r
o
j
e
c
t
e
d
r
e
q
u
i
r
e
m
e
n
t
s
i
n
1
9
8
0
a
n
d
1
9
9
0
.
W
i
t
h
t
h
e
e
x
p
a
n
s
i
o
n
o
f
r
e
c
r
e
a
t
i
o
n
a
l
a
c
t
i
v
i
t
i
e
s
,
t
h
e
r
e
w
i
l
l
b
e
a
n
i
n
c
r
e
a
s
e
i
n
t
h
e
a
m
o
u
n
t
o
f
b
o
t
h
l
i
q
u
i
d
a
n
d
s
o
l
i
d
w
a
s
t
e
t
o
b
e
d
i
s
p
o
s
e
d
o
f
.
I
n
a
d
d
i
t
i
o
n
,
t
h
e
c
o
n
s
t
r
u
c
t
i
o
n
o
f
r
e
c
r
e
a
t
i
o
n
a
l
s
e
c
o
n
d
h
o
m
e
s
i
n
r
u
r
a
l
a
r
e
a
s
w
i
l
l
l
e
a
d
t
o
a
n
i
n
c
r
e
a
s
e
i
n
a
m
o
u
n
t
s
o
f
n
o
n
s
e
w
e
r
e
d
h
o
u
s
i
n
g
i
n
t
h
e
s
e
a
r
e
a
s
.
S
i
n
c
e
r
e
c
r
e
a
t
i
o
n
a
l
p
u
r
s
u
i
t
s
a
r
e
s
e
a
s
o
n
a
l
,
t
h
e
m
a
j
o
r
i
m
p
a
c
t
s
f
r
o
m
r
e
c
r
e
a
t
i
o
n
a
l
a
c
t
i
v
i
t
i
e
s
w
i
l
l
o
c
c
u
r
i
n
t
h
e
s
u
m
m
e
r
m
o
n
t
h
s
.
H
o
w
e
v
e
r
,
i
n
c
r
e
a
s
i
n
g
e
n
j
o
y
m
e
n
t
o
f
w
i
n
t
e
r
a
c
t
i
v
—
i
t
i
e
s
s
u
c
h
a
s
s
k
i
i
n
g
a
n
d
s
n
o
w
m
o
b
i
l
i
n
g
h
a
s
m
e
a
n
t
a
n
i
n
c
r
e
a
s
e
i
n
y
e
a
r
-
r
o
u
n
d
use.
T
h
e
s
p
e
c
i
f
i
c
i
m
p
a
c
t
s
a
n
d
t
h
e
m
a
g
n
i
t
u
d
e
o
f
t
h
e
i
m
p
a
c
t
s
r
e
s
u
l
t
i
n
g
f
r
o
m
r
e
c
r
e
a
t
i
o
n
a
l
p
u
r
s
u
i
t
s
h
a
s
n
o
t
b
e
e
n
w
e
l
l
d
o
c
u
m
e
n
t
e
d
i
n
t
h
e
p
a
s
t
.
G
i
v
e
n
t
h
e
l
i
k
e
l
i
h
o
o
d
t
h
a
t
t
h
e
s
e
a
c
t
i
v
i
t
i
e
s
w
i
l
l
i
n
c
r
e
a
s
e
i
n
t
h
e
f
u
t
u
r
e
,
m
o
r
e
w
o
r
k
n
e
e
d
s
t
o
b
e
d
o
n
e
i
n
t
h
i
s
f
i
e
l
d
t
o
d
e
t
e
r
m
i
n
e
t
h
e
m
a
g
n
i
t
u
d
e
o
f
i
m
p
a
c
t
o
n
t
h
e
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
.
M
A
T
E
R
I
A
L
S
U
S
A
G
E
I
n
p
r
o
j
e
c
t
i
n
g
a
g
r
i
c
u
l
t
u
r
a
l
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
a
n
d
m
a
t
e
r
i
a
l
s
u
s
a
g
e
(
T
a
b
l
e
6
0
)
i
t
s
h
o
u
l
d
b
e
p
o
i
n
t
e
d
o
u
t
t
h
a
t
a
g
r
i
c
u
l
t
u
r
a
l
d
e
v
e
l
o
p
m
e
n
t
s
a
r
e
d
i
r
e
c
t
l
y
a
f
f
e
c
t
-
e
d
b
y
p
o
p
u
l
a
t
i
o
n
t
r
e
n
d
s
,
n
a
t
i
o
n
a
l
a
n
d
i
n
t
e
r
n
a
t
i
o
n
a
l
e
c
o
n
o
m
i
c
c
o
n
d
i
t
i
o
n
s
,
e
n
v
i
r
-
o
n
m
e
n
t
a
l
a
t
t
i
t
u
d
e
s
,
a
n
d
n
a
t
i
o
n
a
l
a
g
r
i
c
u
l
t
u
r
a
l
d
e
c
i
s
i
o
n
s
a
b
o
u
t
f
o
o
d
p
r
o
d
u
c
t
i
o
n
.
C
h
a
n
g
e
s
i
n
a
n
y
o
n
e
o
f
t
h
e
s
e
v
a
r
i
a
b
l
e
s
w
i
l
l
s
i
g
n
i
f
i
c
a
n
t
l
y
a
l
t
e
r
a
n
y
a
g
r
i
c
u
l
—
t
u
r
a
l
p
r
o
j
e
c
t
i
o
n
.
I
n
a
d
d
i
t
i
o
n
,
t
e
c
h
n
o
l
o
g
i
c
a
l
c
h
a
n
g
e
s
i
n
t
h
e
t
y
p
e
s
o
f
m
a
t
e
r
-
i
a
l
s
u
s
e
d
i
n
a
g
r
i
c
u
l
t
u
r
a
l
p
r
a
c
t
i
c
e
s
c
a
n
s
i
g
n
i
f
i
c
a
n
t
l
y
a
l
t
e
r
t
h
e
i
n
f
l
u
e
n
c
e
t
h
e
s
e
m
a
t
e
r
i
a
l
s
m
a
y
h
a
v
e
o
n
w
a
t
e
r
e
q
u
a
l
i
t
y
.
T
h
e
r
e
f
o
r
e
,
i
t
i
s
d
i
f
f
i
c
u
l
t
t
o
a
c
c
u
r
a
t
e
l
y
p
r
o
j
e
c
t
t
h
e
i
n
f
l
u
e
n
c
e
o
f
a
g
r
i
c
u
l
t
u
r
a
l
p
r
a
c
t
i
c
e
s
u
p
o
n
w
a
t
e
r
q
u
a
l
i
t
y
i
n
t
h
e
f
u
t
u
r
e
.
F
o
r
t
h
e
s
a
k
e
o
f
c
l
a
r
i
t
y
,
t
h
i
s
s
e
c
t
i
o
n
a
s
s
u
m
e
s
t
h
a
t
m
a
j
o
r
i
n
-
f
l
u
e
n
c
e
s
w
i
l
l
r
e
m
a
i
n
r
e
l
a
t
i
v
e
l
y
s
t
a
b
l
e
a
n
d
t
h
a
t
t
h
e
r
e
w
i
l
l
b
e
n
o
m
a
j
o
r
s
h
i
f
t
s
i
n
a
g
r
i
c
u
l
t
u
r
a
l
p
r
o
d
u
c
t
i
o
n
p
r
a
c
t
i
c
e
s
w
i
t
h
i
n
t
h
e
n
e
x
t
1
0
t
o
1
5
y
e
a
r
s
,
e
i
t
h
e
r
i
n
t
e
r
m
s
o
f
t
e
c
h
n
o
l
o
g
y
o
r
i
n
t
e
r
m
s
o
f
c
r
o
p
t
y
p
e
s
.
A
g
r
i
c
u
l
t
u
r
a
l
C
h
e
m
i
c
a
l
s
S
e
v
e
r
a
l
t
r
e
n
d
s
i
n
d
i
c
a
t
e
a
n
i
n
c
r
e
a
s
e
d
u
s
a
g
e
o
f
a
g
r
i
c
u
l
t
u
r
a
l
c
h
e
m
i
c
a
l
s
o
v
e
r
t
h
e
n
e
x
t
1
0
t
o
1
5
y
e
a
r
s
.
W
i
t
h
c
o
n
t
i
n
u
e
d
r
i
s
i
n
g
l
a
b
o
r
c
o
s
t
s
,
t
h
e
u
s
e
o
f
a
g
r
i
c
u
l
t
u
r
a
l
c
h
e
m
i
c
a
l
s
t
o
c
o
n
t
r
o
l
w
e
e
d
s
a
n
d
p
e
s
t
s
,
a
s
w
e
l
l
a
s
v
a
r
i
o
u
s
f
o
r
m
s
o
f
f
u
n
g
i
a
n
d
b
a
c
t
e
r
i
a
,
w
i
l
l
c
o
n
t
i
n
u
e
t
o
b
e
e
c
o
n
o
m
i
c
a
l
l
y
a
t
t
r
a
c
t
i
v
e
i
n
m
a
n
y
a
g
r
i
—
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 cu
lt
ur
al
op
er
at
io
ns
.
Th
e
us
e
of
ch
em
ic
al
s
on
cr
op
s
wi
ll
th
er
ef
or
e
co
nt
in
ue
at
cu
rr
en
t
or
hi
gh
er
ra
te
s
in
th
e
Gr
ea
t
La
ke
s
Ba
si
n
in
th
e
ne
ar
fu
tu
re
.
On
e
fa
ct
or
,
ho
we
ve
r,
wh
ic
h
ma
y
te
nd
to
de
cr
ea
se
th
e
ra
te
of
gr
ow
th
in
th
e
us
e
of
ch
em
ic
al
s
on
cr
op
s
is
th
e
im
pa
ct
th
es
e
ch
em
ic
al
s
ma
y
ha
ve
on
wa
te
r
qu
al
it
y.
It
is
be
co
mi
ng
in
cr
ea
si
ng
ly
ap
pa
re
nt
th
at
th
e
us
e
of
ch
em
ic
al
s
on
cr
op
s
le
av
es
re
si
du
es
wh
ic
h
ca
n
in
fi
lt
ra
te
in
to
gr
ou
nd
an
d
su
rf
ac
e
wa
te
r
ar
ea
s,
an
d
th
at
re
si
du
es
fr
om
ce
rt
ai
n
ch
em
ic
al
co
mp
ou
nd
s
ca
n
en
te
r
in
to
th
e
fo
od
ch
ai
n
an
d
th
re
at
en
po
te
nt
ia
ll
y
di
sr
up
ti
ve
in
fl
ue
nc
es
to
hi
gh
er
fo
rm
s
of
life.
Co
nc
er
ni
ng
sp
ec
if
ic
ch
em
ic
al
s,
it
is
pr
oj
ec
te
d
th
at
he
rb
ic
id
e
us
ag
e
ma
y
in
cr
ea
se
ab
ou
t
20
pe
rc
en
t
by
19
90
.
Si
nc
e
he
rb
ic
id
es
re
pl
ac
e
a
si
gn
if
ic
an
t
am
ou
nt
of
ma
n—
ho
ur
s
de
vo
te
d
to
we
ed
co
nt
ro
l,
th
er
e
is
a
st
ro
ng
in
ce
nt
iv
e
to
co
nt
in
ue
th
e
us
e
of
he
rb
ic
id
es
at
cu
rr
en
t
or
hi
gh
er
le
ve
ls
in
to
th
e
fu
tu
re
.
Fu
ng
ic
id
e
us
e
ma
y
in
cr
ea
se
ab
ou
t
5
pe
rc
en
t
by
19
80
an
d
an
ot
he
r
5
pe
rc
en
t
by
19
90
in
or
de
r
to
co
nt
ro
l
fu
ng
us
gr
ow
th
on
pl
an
ts
.
In
se
ct
ic
id
es
,
ho
we
ve
r,
ma
y
be
us
ed
wi
th
le
ss
fr
eq
ue
nc
y
du
ri
ng
th
e
ne
xt
de
ca
de
.
Th
ei
r
us
ag
e
is
ex
pe
ct
ed
to
re
ma
in
ab
ou
t
th
e
sa
me
ov
er
th
e
ne
xt
5
ye
ar
s,
bu
t
th
en
pr
og
re
ss
—
iv
el
y
de
cr
ea
se
af
te
r
th
at
.
A
ne
w
gr
ou
p
of
ch
em
ic
al
s,
ba
ct
er
ic
id
es
,
ar
e
co
mi
ng
in
to
gr
ea
te
r
us
e
in
re
ce
nt
ye
ar
s,
an
dm
ay
fo
rm
a
si
gn
if
ic
an
t
ca
te
go
ry
of
ch
em
ic
al
s
us
ed
on
cr
op
s
in
th
e
fu
tu
re
.
Ho
we
ve
r,
at
th
e
pr
es
en
t
ti
me
th
er
e
is
li
tt
le
in
fo
rm
at
io
n
co
nc
er
ni
ng
pr
ob
ab
le
ra
te
s
of
gr
ow
th
in
th
e
us
e
of
ba
ct
er
ic
id
es
.
Al
th
ou
gh
th
e
us
e
of
ch
em
ic
al
s
on
cr
op
s
is
li
ke
ly
to
in
cr
ea
se
ov
er
th
e
ne
xt
10
ye
ar
s,
th
e
wa
te
r
qu
al
it
y
im
pa
ct
of
th
es
e
ch
em
ic
al
s
is
no
t
so
cl
ea
r.
On
e
of
th
e
ma
jo
r
co
nc
er
ns
in
us
in
g
ch
em
ic
al
s
is
th
e
am
ou
nt
of
re
si
du
e
re
ma
in
-
in
g
wh
ic
h
ca
n
en
te
r
gr
ou
nd
-
an
d
su
rf
ac
e-
wa
te
r
ar
ea
s.
In
th
e
ca
se
of
he
rb
-
ic
id
es
th
is
is
kn
ow
n
as
ca
rr
y—
ov
er
,
an
d
in
th
e
ca
se
of
in
se
ct
ic
id
es
as
pe
r—
si
st
en
ce
.
It
is
be
li
ev
ed
th
at
th
e
pe
rs
is
te
nc
e
as
so
ci
at
ed
wi
th
in
se
ct
ic
id
es
wi
ll
be
al
mo
st
en
ti
re
ly
el
im
in
at
ed
in
th
e
ne
xt
10
ye
ar
s,
an
d
th
e
ca
rr
y—
ov
er
in
he
rb
ic
id
es
wi
ll
be
gr
ea
te
r
re
du
ce
d,
if
no
t
en
ti
re
ly
el
im
in
at
ed
as
ne
w
fo
rm
s
of
ch
em
ic
al
s
wi
th
li
tt
le
or
no
re
si
du
e
ge
ne
ra
ti
on
re
pl
ac
e
th
e
cu
rr
en
t
st
oc
k
of
chemical types now used.
Th
is
is
no
t
to
sa
y
th
at
wa
te
r
qu
al
it
y
im
pa
ct
s
wi
ll
be
el
im
in
at
ed
fr
om
th
e
use
of
che
mic
als
on
cro
ps,
but
tha
t w
ith
inc
rea
sin
g
use
of
che
mic
als
,
a
shi
ft
is
lik
ely
tow
ard
s
les
s
nox
iou
s
for
ms
of
che
mic
als
,
mai
nly
tho
se
whi
ch
pro
duc
e
less residue.
In
add
iti
on,
her
bic
ide
usa
ge
can
red
uce
ero
sio
n
and
att
end
ant
pol
lut
ion
pro
ble
ms
by
red
uci
ng
the
nee
d
for
mec
han
ica
l
cro
p
cul
tiv
ati
on,
whi
ch
dis
tur
bs
soils.
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TA
BL
E
58
Tr
en
ds
in
Re
cr
ea
ti
on
al
Ac
ti
vi
ty
Oc
ca
si
on
s
An
nu
al
ly
12
 
Gre
at
Lak
es
Bas
in
Lak
e S
upe
rio
r B
asi
n
Lak
e M
ich
iga
n B
asi
n
Act
ivi
ty
197
0
198
0
200
0
197
0
198
0
200
0
197
0
198
0
200
0
LA
ND
—B
AS
ED
,
VA
TE
R—
OR
IE
NT
ED
Sw
im
mi
ng
1
16
2,
10
9
23
7,
19
0
37
2,
56
6
3,
77
9
5,
17
8
7,
42
1
76
,5
68
11
2,
28
0
17
6.
93
2
Be
ac
h
(55
%)
89
,1
54
130
,45
2
204
,91
2
2,0
78
2,8
48
4,0
81
42
,1
09
61,
751
97,
314
Pi
cn
ic
ki
ng
96
,9
78
12
2,
16
1
167
,41
4
2,4
85
2,9
41
3,6
77
46,
003
58,
065
79
.9
30
Ca
mp
in
g
20
,3
99
32
.4
98
50
,2
12
51
5
77
2
1,
16
2
9,
74
7
15
,5
46
25
.4
35
Nat
ure
Wal
kin
g
23,
378
29,
506
39,
663
510
599
739
11,
131
14,
074
18,
987
Hi
ki
ng
9.
77
3
14
.6
97
24
,3
42
20
5
30
2
42
9
4,
64
8
6,
58
9
11
,6
77
Sig
hts
eei
ng
111
,53
2
150
,54
7
225
,86
6
2,3
77
3,0
29
4,1
07
52,
967
71,
578
107
.87
0
TO
TA
L
AC
TI
VI
TY
OC
CA
SI
ON
S
29
6,
08
4
58
0,
87
2
88
3,
06
3
9,
87
1
12
,8
21
17
,5
35
20
1,
06
4
27
8,
95
2
42
0,
83
1
TO
TA
L
Ac
TI
VI
TY
occ
Asl
obl
S
(55
2)
354
,41
4
48
0,
67
6
716
,40
9
8,
17
0
10,
491
14,
195
169
,80
5
22
8,
46
5
341
,21
3
TO
TA
L
RE
CR
EA
TI
ON
DA
YS
2
16
9,
66
8
234
,94
8
353
,23
3
3,9
49
5,1
28
7,0
14
80,
426
11
1,
58
0
168
,33
3
TO
TA
L
RE
CR
EA
TI
ON
DA
YS
(5
57
4)
14
0.
47
0
19
2.
26
8
28
6.
56
4
3.
26
8
4,
19
6
5.
67
8
66
,6
42
91
.3
85
13
6.
48
5
LAND—BASED OTHER
Pl
ay
in
g
Ou
td
oo
r
Ga
me
s
28
7.
39
6
96
6,
89
9
78
5,
60
8
6,
82
5
9,
92
4
14
,7
60
14
0,
40
7
20
6,
31
4
34
7,
87
6
Gol
fin
g
32,
497
44,
998
71,
846
927
1,3
20
2,0
14
15,
371
22,
471
38.
96“
Bi
cy
cl
in
g
15
0,
77
8
18
1,
75
0
24
6,
64
0
3,
22
1
3,
62
9
4,
49
9
71
,9
84
87
,0
72
11
8.
74
0
Bi
cy
cl
in
g
(25
74)
3
37
,6
89
45
,4
39
61
,6
59
80
6
907
1,
12
5
17
,9
91
21
,7
70
29
.6
82
Ho
rs
eb
ac
k
Ri
di
ng
20
,8
24
26
,1
50
38
,0
05
65
2
77
0
1,
01
7
9,
85
7
12
.4
06
18
.1
22
Ho
rs
eb
ac
k
Ri
di
ng
(2
52
)
5,
21
0
6,
53
8
9,
50
0
16
3
19
3
25
4
2,
46
7
3,
10
1
4,
53
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Agricultural Chemicals
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Fertilizers
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Agricul tural Chemicals
Herbicides (1bs.)
Insecticides (lbs.)
Fungicides (lbs.)
Animal Waste (tons)
Commercial Fertilizers
Lime (tons)
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3,1
58.
2
633
.1
307.6
4,3
71.
7
313.3
28
.8
(to
ns)
Lake
Huron
1980
1990
3,4
74.
1
633
.1
3,
78
9.
8
60
1.
4
323.
0
338.
3
4,29
4.7
4,17
7.9
344
.7
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28.8
28.8
19
72
9,
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1.
5
3,
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2.
8
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.4
Lake
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0
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0
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8
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7.
4
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1,059.1
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.4
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57.8
3,102.4
1,758.3
13
,6
55
.2
1,1
55.
3
510.4
19
72
2,3
13.
8
1,9
49.
8
1,7
38.
6
9,3
97.
9
304
.1
195.1
Lake O
ntario
1980
2,546.2
1,949.8
1,825.5
9,
37
6.
2
326.8
195
.1
1990
2,776.5
1,852.3
1,912.4
9,7
57.
8
349
.7
195
.1
kilograms (kg) - pounds (lb) x 0,454
kilograms (kg) - tons (ton)
- tons (ton)metric tons
x 9
07.
2
x 0.907
 Animal Wastes
Livestock numbers are projected to remain relatively stable in the Great
Lakes Basin and will increase slightly overall. SomeLake basins will have
a slight increase in overall livestock numbers, while others will have a
slight decrease. The amount of manure produced from various livestock types
will remain near current levels, with an overall total increase of about 5
percent by 1990.
However, there are trends toward more intensive livestockoperations,
which will have the effect of increasing the impact of manures in specific
locales. Assuming proper construction and maintenance techniques, the dis—
charge of animal wastes should not adversely affect water quality. Without
preventive measures, it is quite possible that certain reaches of ground and
surface waters can be contaminated via animal wastes. Specifically, large
amounts of nitrogen and phosphorous compounds can be leached into the soils
from intensive livestock operations, due to the corresponding increase in the
concentration of wastes.
Commercial Fertilizers
 
Commercial fertilizer usage rates are expected to increase moderately in
the Great Lakes Basin - about one percent per year. The greatest increase
will be in nitrogen, with lesser increases in potash, and with phosphorous
tonnage rates remaining about the same or declining slightly. In either
event, there is likely to be a shift towards liquid fertilizers due to their
ease in application.
It should be pointed out that trends in agricultural crop production
indi
cate
a mo
ve t
owar
ds m
ore
inte
nsiv
e cu
ltiv
atio
n,
and
it i
s th
eref
ore
like
-
ly t
hat
comm
erci
al f
erti
lize
r us
age
will
incr
ease
in m
ore
inte
nsel
y cu
ltiv
ated
are
as.
Hig
her
con
cen
tra
tio
ns
of
fer
til
ize
rs
in p
art
icu
lar
are
as
may
inc
rea
se
drainage of nutrients to ground and surface waters.
Lime
Des
pit
e p
roj
ect
ion
s b
y t
he
Nat
ion
al
Lim
est
one
Ins
tit
ute
for
inc
rea
sed
nee
ds
for
lim
ing
mat
eri
als
, l
ime
rat
es
wil
l p
rob
abl
y r
ema
in
at
cur
ren
t l
ev—
els
.
The
ref
ore
wat
er
qua
lit
y
imp
act
s
res
ult
ing
fro
m
lim
ing
wil
l
ten
d
to
rem
ain
unc
han
ged
,
exc
ept
in
ins
tan
ces
whe
re
agr
icu
ltu
ral
cro
p p
rod
uct
ion
has
int
ens
ifi
ed.
If
lim
e
is
use
d m
ore
int
ens
ely
in
the
se
ins
tan
ces
,
it
may
af-
fect ground and surface waters.
 
Salts
Se
ve
ra
l
tr
en
ds
in
th
e
Gr
ea
t
La
ke
s
Ba
si
n
wi
ll
li
ke
ly
re
qu
ir
e
in
cr
ea
se
d
I
us
e
of
sa
lt
s
to
pr
ev
en
t
ro
ad
ic
in
g
in
wi
nt
er
mo
nt
hs
(T
ab
le
61
).
Ba
re
pa
ve
me
nt
po
li
ci
es
wi
ll
be
de
ma
nd
ed
by
th
e
pu
bl
ic
fo
r
ma
jo
r
hi
gh
wa
ys
.
Gr
ow
th
in
ma
jo
r
ro
ad
wa
y
mi
le
ag
es
wi
ll
in
cr
ea
se
th
e
am
ou
nt
s
of
sa
lt
s
ne
ed
ed
to
pr
ev
en
t
ic
in
g
during winter months.
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e
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p
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b
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c
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b
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ra
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ra
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d
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ra
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re
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d
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e
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oj
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te
d
on
ly
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19
90
.
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Economic
and
Demographic
Activities
Demographic
information
was
supplied
from
the
Census
of
Population,
1970
and
the
OBERS
Series
C
and
Series
E
projections.
Trend
information
for
1980,
2000,
and
2020
were
taken
from
the
OBERS
Series
C
and
E
projections.
The
basic
difference
between
the
demographic
trends
in
these
two
series
lies
in
their
different
projected
total
fertility
rates
per
1,000
women
assumed
to
have
been
attained
by
the
year
2005.
For
Series
C
this
is
2,800
and
for
Series
E,
2,100.
Series
E
was
selected
to
provide
an
alternative
range
to
the
1972
OBERS
Series
C
projections,
in
that
it
takes
into
account
recent
reductions
in
fertility
rates
among
women
in
the
U.S.
In
translating
population
levels
into
economic
information,
a
set
of
assumptions
were
used
in
the
OBERS
Series.
These
included
assumptions
about
per
capita
demand
for
various
goods
and
services,
labor
force
participation
rates,
percentage
changes
in
productivity
per
worker,
hours
worked
per
year,
and
the
resulting
GNP
per
man
hour
years.
For
both
the
OBERS
Series
C
and
E
projections,
these
assumptions
are
substantially
similar
in
nature.
In
developing
the
projections,
gross
national
product
(GNP)
is
the
most
comprehensive
and
widely
used
measure
of
economic
activity.
Because
it
is
not presently
feasible
to
construct
a gross
regional product
due
to
concept-
ual and
statistical
difficulties,
personal
income
series
at
the
regional
lev—
e1
are
selected
as
the
alternative
to
GNP
and
the
OBERS
projections.
The
OBERS
Series
projections
for
the
agricultural
sector were
initially
made
as
part
of
the procedure
for
all
industries.
These were
then
reconciled
with national agricultural production projections, which were derived from a
product—by—product historical analysis of consumption patterns utilizing spe-
cific sets of assumptions relating to population growth, per capita income,
and foreign trade.
These sets of assumptions are not strictly identical be-
tween the Series C and E economic projections for agriculture.
The revised
Series E estimates differ somewhat in the per capita consumption rates and
export levels, which are believed to reflect recent changes more accurately.
Data concerning land use were based upon OBERS information. Because a
major determinant of the future land resource base of an area is the land
acreage required for urban development and expansion, one of the first tasks
was projecting current and future urban built—up lands. This information was
obtained from the Great Lakes Basin Framework Study. A land requirement per
unit increase in population was calculated from the Great Lakes Basin Frame-
work Study ard adjusted for each planning subarea for each time period. This
factor, in conjunction with the revised population increase, produced a cal-
culation of urban acreage for 1980, 2000, and 2020.
Once urban expansion was estimated, the projected urban land needs were
subtracted from current agricultural land to arrive at the projected agricul—
tural resource base available for production. Based on a projected quantity
of agricultural land, an estimate as to the quality of this land was made.
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This was done in terms of projected yield averages for 17 major crops. Pre—
sent yield estimatesby major crop and by PSA were available in the Great
Lakes Basin Framework Study. Projections of yields were madebased upon the
OBERS Series C and E data. An index of State yield projections was developed
and applied to the current normal yields by PSA. Applying this index to cur—
rent normal yields for each PSA provided new projected yields.
Product projections for each of the 17 crops present in each PSA are
included within the unpublished revised Series E OBERS data. Dividing these
estimates by projected yields gives a revised crop-by—crop estimate of agri—
cultural land. The summation of the necessary acreage base for the 17 major
crop
s wa
s su
btra
cted
from
the
proj
ecte
d ag
ricu
ltur
al
crop
land
base
.
This
yiel
d is
a re
sidu
al
land
base
refe
rred
to i
n th
e ta
bles
as i
dle
land
or i
dle
cropland.
Specialized Land Use
 
Because of changing technologies, public perceptions, and legal and
admi
nist
rati
ve r
egul
atio
ns,
cert
ain
spec
iali
zed
land
uses
are
not
expe
cted
to
change in direct proportion to population and economic changes. Other
fact
ors
surr
ound
ing
thei
r fe
asib
ilit
y an
d pr
acti
cali
ty m
ust
temp
er a
ny e
x—
pect
atio
n of
chan
ges
base
d on
econ
omic
and
demo
grap
hic
proj
ecti
ons
alon
e.
Disposal Operations
It is assumed that as population and economic activities grow in the
Grea
t La
kes
Basi
n,
the
gene
rati
on o
f in
dust
rial
and
muni
cipa
l wa
stes
will
cont
inue
to r
ise
prop
orti
onat
ely.
Howe
ver,
the
form
s of
disp
osal
are
subj
ect
to changes over time.,
The wastewater flow projections were based on data in the Great Lakes
Basin Framework Study, Appendix 7,"Water Quality. The figures assume that
major industrial users of water will satisfy their own water needs and will
treat their own wastewaters. Small industrial firms, commerce, residences,
and other categories of municipal activity, are subsumed in the municipal
figures. Municipal figures assume that water intake equals water withdrawal,
while industrial figures are projected using historical waste generation
coefficients by SIC categories.
The per capita generation of solid waste is assumed to be 3.32 pounds
per capita per day in 1974, and the total volume of solid waste to be dis—
posed of will therefore increase. The current trend toward sanitary land—
fills will lead to larger regionally oriented sanitary landfill sites.
Thus, it is expected that the number of solid waste disposal sites will de—
crease from current levels by 1990.
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i
o
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s
e
e
n
as
c
o
n
t
i
n
ui
n
g
into
the
f
ut
ur
e
wi
t
h
o
ut
signif-
icant
change,
due
to
the
h
i
g
h
cost
of
p
r
o
vi
d
i
n
g
p
r
o
t
e
c
t
i
ve
l
a
n
d
-
b
a
s
e
d
struct-
ures
and
the
d
i
f
f
i
c
u
l
t
y
in
implementing
land
use
practices
aimed
at
prevent—
ing
this
form
of
erosion.
Increasing
urbanization
could
lower
the
rates
of
sediment
yield,
due
to
the
decreased
area
of
exposed
topsoil
in
urban
areas.
I
n
t
e
n
s
i
v
e
L
i
v
e
s
t
o
c
k
O
p
e
r
a
t
i
o
n
s
In
the
Great
Lakes
Basin
there
will
continue
to
be
incentives
for
live—
stock
operators
to
intensify
their
operations,
producing
more
animals
on
small-
er
land
areas.
Intensive
livestock
operations
are
expected
to
handle
the
same
percentage
of
all
livestock
by
1990
as
in
1970.
High—Density,
Nonsewered
Residential
Areas
It
is
unlikely
that
the
percentage
of
nonsewered
homes
to
total
households
will
change
greatly
in
the
near
future.
Most
new
housing
starts
will
be
likely
to
continue
to
occur
in
urban
built—up
areas
and
to
be
provided
with
public
sewage
collection
and
treatment.
Other
residential
development
(such
as
vaca—
tion
homes)
will
keep
rural
nonsewered
areas
at
about
the
same
percentage
of
the
total
as
at
present.
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Animal Waste
Livestock
waste
production
in
the
Great
Lakes
Basin
as
a
whole
is
ex—
pected
to
grow
about
5
percent
by
1990.
Total
animal
waste
was
calculated
for
1970
in
all
planning
subareaS,
extrapolated
to
1980
and
1990,
depending
upon
the
anticipated
increase
in
livestock
production,
and
then
aggregated
to
the
Lake
basin
and
Great
Lakes
Basin
totals.
Commercial Fertilizers
Use
of
fertilizer
will
increase
around
20
percent
by
1990
in
the
Great
Lakes
Basin.
Increases
were
calculated
for
each
of
the
planning
subareas
based
upon
projected
increases
in
row
crop
production.
The
planning
sub—
areas
were
then
aggregated
to
the
various
Lake
baSins
and
then
to
the
Great
Lakes Basin.
It
is
quite
likely
that
the
percentage
of
total
commercial
fertilizers
sold as liquid will increase.
Lime
Based
on
the
opinion
of
those
who
have
studied
liming
materials,
it
was
concluded
that
liming
rates will
not
significantly
change
in
the near
future.
Salts
In projecting the amounts of salts to be utilized in the future,
it was assumed that the amount of salts required is dependent upon the
mileage of roadways in the Great Lakes Basin, which in turn is dependent
upon regional population levels.
The ratios of applied salts to population
were calculated from 1972—1973 information for the planning subareas.
These
were assumed to be constant per capita rates of application and were employed
with the predicted population levels in 1980 and 1990 according to the OBERS
Series C and E projections for each planning subarea. These were then aggre—
gated to the Lake basins and finally to the Great Lakes Basin.
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